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mMm 1] -rV 7> ^m^(D'j>rj: ^ti, comic m 
mms t . ±mmmm mm l rcmmmmm t if^^^r^ < 

d/4<a<3 d 

mi^-$nr\^^^ z. h^mmht^mim i mm(o%m^ 

mmimmM^mm-^nxmf^-^nxh^:^ c t^mmn 

Wo 

[If 5f?ia 1 0 ] ±BH-rV X ^a^®[H](Qi;b'5j^)it$n/c 



1 . 2 ^rs^c-r ci h-^mwht^m^m i ih«<d^^ib 

Cll5}<]Sl 2] ±IB'lfMi^'DiB^fc'J;tf/SfctiW 
^tcfflv^5>n5^tib>'X©iinmA'^o. 4 5t;(±o. 
6 o&cfx^^ zt^mmhtmmm i wBic©7te^iB 

mim 1 3 ] ±Mtmm<Dimt\ 5 n mi^± 5 0 

n m«TT^^§ C i:^#mi:-r§lf^^ 1 IH^O^fe^lB 

1 4 ] ±IBIB^B©MiP/?)^\ 1 0 n m^X±. 4 

0 nmt^T-eS§C i:;£#ii[i:-r§ifAltS l IBi5©^¥ 
lB^^f*:o 

[if 1 5 ] ±mtmm^m(om»t\ a n mj-:<± 

1 0 0 n mJJ(TT^S§ C i:^#mi:-r§iS*^ 1 ie«0 

7fe¥iB^^#:o 

[|»5)<«16] ±IBIBeMS)S®M)P*'!^ 5nmJ-;^± 

imimi 7] ±iBfB^*\ immmm^-^mm 

1 8 ] ±IBIBSiiA^ G e T e ^-^-^S fctt G 

m^m 1 9 ] ±vsMmmmmt\ s n t e . s i 

N. S i C. SnSe. G e N. PbSe. PbTe. 
B i 2T e3*5j:tf S eg^^e.^Sg^cfcOSa'tlfci!'^ 

§ C t^W^ttmM 1 IBfcCDT^^IBS^g^^^o 

[ft aI?^ 2 0] ±ta u~^mc J: D , ±iax ^ x 

^la^Bli^fc^fig^nTi^^c i:-r§if^« 1 

IB«'D7t¥IB^«l*:o 

[if5i<^ 2 1] ±ia b—'f TtAiB^i^^nsMtriiafB 
^AWt cnsi; 5 {c^^^nrv^^ o i:^#^i^^:•r 
§il^:^ 1 Bm<oytm9mmWo 

m^m 2 2] X ^mm(Dmmmif^nrcm± 

imi^-^ tircmmm t . ±HaiB^ii t= mm l rcmmmm 
rcytmEmmw(Dmmy]mx&-D x. 
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d / 4 < a < 3 d J: 5 Lfc C <t 

nfcffitcifiv^M*^?,, mourns, ±iBtH^s^ ± 
iBiH^ffiffiis. m 2 (Dmmi^m^xxsm i ©sita^ni 

2 7 ] ±fHrV X ^SS±(i:±|H«jlJl^J^ 

^m-^iem^z.h^mmhtmM2 sibkot^^ 
[WARS 2 8] ±ia ly—^'^^. ±ie-rV X ^aistc 

\mm^^}L^mmhtmM-^2 2um<D%mm 

mm. 2 9 ] ±l3xV X ^S«^D±BH[HII^IA^'^^t 5, 

mm. 3 0 ] ±fBx ^ X ^»^±©±iB««ji^j^ 

imMm 3 1 ] ±iexV x ^sscDHfl^^^figsn/c 

g|5^Hc^3V^T. ±IB U-1f TtA^AI^tJ*^ ?.5£v^g|5^^^: fe 
§mM©i|i D g . ±IB ]y—^^(DXMi)-^P>m\^M(0 

^'^K^I<fUm(DimD it(Dtmii\ 0. 5^Di/D 
g^2. 0^?ifc-rc:^;^!|tm^-r§lf*^2 2bB«<D 

gi5^^{c:fev^T. ±iB b—^fTt© A*r*^ e.iai^Mogp^'-f^: 



1 . 2:^mrct<it^^mt'r^mM2 zmmoyt^ 
0. 6o&.Tx&^ct^wmtt^m>m2 2mm(D 

[|f^^3 4] ±fBI3^S^. 5nmJ^(±5 0nmJL:< 

2 2 BB«(D7fe#IB®^#:cD^3g77?So 

[11*31 3 5 ] ±mmmm^. 1 0 n mj.x± 4 0 n m 

m2 2mm<Dy6mmm^(Dmmyjmo 
mm 3 6 ] ±mmfmmm^. 3 n mj^^± 1 0 0 

mmz 2tm(D%mmuw(omM-^'&o 
t^mMm2 2mm<oyemmmmmmy3mo 

3 9 ] ±BStB^jl^. G e T e /ctt 
G e S b T e 6 J^j^cf § J; d L fc C i: 

ttmMm2 2tm(Dy(,mEfmm(Dmm:fjmo 
mm 4 0] ±bBbb^mi«is^s s i c. sin. 

SnTe. SnSe. G e N. PbSe. PbTe. B 

■r§<fc5fcL/c<ii:^#iii:-r5W5f<^2 2IBi$©7t^ 
IB^ig^4c©ffiig;^So 

4 1 ] ±mmaijmm^ ntciM^f^ x ^» 

«©±tB[H]fl :}3 § iag|3^^0±gl3 il [H]g|5^^©jSgl5 h \Z. 
±IB^-^'7^tr J: D BB^v-^^IB^RTtgfcjfM-rs ii 
i:^#ii[i:-r§^AR«2 2 IBig©7^^IB@«#:cDMii^ 

[0 0 0 1] 

•So 

[0 0 0 2] 

imk<OWm 7tx^'X^:&Jf©7t^fB^ig^2^(c 

[0 0 0 3] ■r>5:l3-S. xVX^SS©IHif®tctt, ^ 
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;l/->*'iefiJjb^Jgffl5nTl/^§7t'r^X^'fcLT«. DV 
D — RAM (Digital Versatile Disc - Random Access 

Memory) ^mf?> Cti)^l:^t^o 

[0 0 0 4] Lt)^Lrj:ifiiE,^ CCD'yy^ - ^^Jl-fmU 

[0 0 0 5] ^y]^^XZ^^'jV'-f(D^S.(D!^ 

■\i^^h^^rcii)K. ^y ¥ tifji-y t(D^n^'ti(D 
^<ir\ TsAy^nyf-dyByr^^ 
'7is^m^-zntc mm^2 000-21551 1 ^$b, 

[0 0 0 6] 

[^B^*^<^^L<t5i:-r§ss] L*>L:&/b^6. ±m\ 

(clB^^n^c^x^ x^fcfev^Tti. ^;l/-7±{c^Jl 

ff^^S^nr LSV\ IB^jl®{HWi4®f£T^ffiV^T 

[0 007] (injc 0; D . IHi^S<D«jifigM^#^1iS 

iz-t^^ i:^ < . ^n^'n©^^ F*5 cfctf ^*;^-7fcM 

[0 0 0 8] Lfci^j'^^T, C©fg0^(Dia^tt. -rVX^ 
[0 0 0 9] 



[0 0 10] -r^^-s. '^M(D. mmimmEmt^m 
coo 1 1] :$imM^it. ^(oi^oix^ti^^s vmmm 

^fc'9-y7;P(^:*3i^T2 T/^;l/X^tB®L. •7>'FfeJ: 
^tt^iJ^ L ^ C 5 s ^ y F :io ^ ^ -\' U 7 tDiaS 

/w-'fi!c#'i4A% E(DmmK-^^^x%,mm(om.\^^M 
u -^ibKmum^mo^mm-^^^x^. ^^f©^^ 

mm(Dmm^^^rcm^. mm^w^t^i^-Dnx. ^ 

[0 0 1 2] ^LT. *%H^#t±. ±xE©^l^(cJ;Ot# 

-x-r J:bfecktflB^^^7-^HSL/cif ^tc. > F t 
i^-riB^MS!jSO^J*fe#ttA^'^ i;. ^ y Ffcfcv^T 

]m^^^^}ir^<. ^yY}i'7)V~f(D^^^)7-^^ 
[0 0 13] imm^\t. ^^';l/-7(^*3it§4^ 

fs.t>^.immm\tmw7\^%)\'>mmc^^. gbt 

e ^*^e.%§fHiJS®tg<ii^{b<DtB^MaiSMjP*^# 

tt. iB^ifs^ii©MJ¥*'^/j^$<:fe§tc#oT. mmds^-x 

0 nmtDtt^^JpilLr. Mi¥^2 0 nm*^?. 1 0 n 

[0 0 14] *%B^#©1^WfCJ:tlff. JX±©il^«^ 
^>-7*\ ^ y Ft^iil: LT)^^lf ^ 7 7{i:3fi < . 
F^<y^^(cj;§i$»*^^i>;5:V^fcJ6{r. 
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[0 0 15] C(Dmmii. &.±(DmeHc&-^\^^rmiii'^ 
[0 0 16] tf£^^. ±$ES^^Mf&t^rcli>i^s o 

B-^micmm-snrcimmt. immimmLrcmmm 

d/4<a<3 d 

[0 0 17] ^(ommom 2 commit, x-rx^a^g© 

# (c, iH»jiii?js^. d/4<a<3d ©MiPfcj^^-r 

[0 0 18] ccDfgHiifc^oi/^T. mat. mmm(Dm 

2<a^2 d*M3i-r§o 

[0 0 19] (KD^ggtCfel^T, le^Ji 
[0 0 2 0] uCD|g0^{i:*3V^T. ftMS^l-tts 'ISISM^ 

^(omm (^u^y^. r^v^m. i/u=i>'3^, t°v 

1 @;t©ifL{t:#m • mitiy V n y^g^^*: (Z n S - S i 

O2) ^ i^fcimifrmtf^z. omm(Dmityu=iy (s 

i N. S i3N4) ^(DmWU^M^^^^C 



x^^mmx\ *^o2 0 0 nmJ^iTfcMtfnso 

It. 1 nmt^±l 0 0 nmlXT-??fe«o ^^.tc, dCD^ 
B^fCfeV^T. ^ 1 2 0 

n mJ-X± 1 0 0 n mJ^^Tfi:Ma'n§o Sfc. |g 1 (DmW. 

^^i^^m&m. it^mmm (cvd) mm 

^ii^Kfi (PVD) }£:S:HSef^§;^a^fflV^SCi;^'?nr 

mx&^o 

[0 0 2 1] c(D^mic^^^x. mmmat. ^mm^ 

^xmrn^MLxmrnrntf^^^t^m^-^iE,. tmmic 
mM-sn^x5icmi^-stix^>^c ^r^ c(Dmmi^^ 

Z n S - S i 02^ SrctiflJif^*'^ 2 . O^Jt© S i N 

tlTfe^o Sfc. <:©^Bitcfev^T. ^las^fctt, ^3 

1 n mtX± 1 0 0 n mJ;(TT^§o 

mw^BmcrjiPiticf^mt^ctti^x^^mmx. 

02 0 0 nmOT{i:MJfn§o COfgH^tCfeV-* 

T. Agas^fcti, mzoKMmcommit. 2 0nmjw± 

1 OOnmOTcMtSnSo SlTc, ^2©SiifS. ^3 

jiy^&m. it^w^i^m (cvD) tisMifiScS 
(PVD) mrj:E^^ii>^ijm^m\^^?>^tmmx$> 

x^mmcmmt^rcib(Dmmmt^^Lxm^'^n. 
c (Dammit. mnmmimm'^rciimEmmmt^iE> 

[0 0 2 2] coxo^ji. "f^x^mmcMLx. mm 

tLXit. Mi^ffUl^lt. DVRCDigital Video Recordi 
ng system)* if <D. PV^)teMji»^#-rS7te7=VX^>& 

mif^i^t-b^x'^. c(Dmmii. ii®DVR*ifo^x 
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7s ^ (ciiffl-r § n t t)^x^^. ^ytmm"^ e 5 o n ms 

tt, <e.-fL > U i^(cS^J66nTV^§ fe(D{c|S^ 

[0 0 2 3] dOfgH^t^feV^r. xV7;^SS±{C^^J 

{CfflV^e.n§. G a N^¥##U-if (^7tiSfi4 0 0 
nm^. m^mO ^ Z n S el^^#^*:U-if im.m 
S5 0 0 nm^. i^fe) . SiTctiA 1 G a I n P?^^^ 

(IgT^Sfie 3 5-6 8 0 nmgg. 55^fe) 

-1f T^tDAI^*^ SaV^tJOgP^^t^fe^tS /c«[HIcDitii 
Dii;©i:[:^;()\ 0. 5^Di/Dg^2. O^iifcL. 
^iifcfi, 0. 8^Di/Dg<l. 2 ^iifc-TJ: 5 fc« 

[0 0 2 5] ^(o^mK^\^^x. mmKi,t. mmm^ 

pISftto. 4 5J,:^±o. eoJi^T-r-SD. c(Difinl!(0 

[0 0 2 6] cKD^^fCfeV^T. IH^P*^at^{CS6* 

WM-r§/ci6(i:. IS^gcDMiPti. ^ftgy^tctt, 5nm 
J^(± 5 0 n mJi(T{i:Ma~n^ $f jiiCli^ 1 0 n m\;K±. 4 
0 nmJ-:(Tt^Sfftl§o 

[0 0 2 7] cl©^^{C*3V^T. fHSMI!i 
S©Jlff 3 n mj^^± 1 0 0 n mWVX^ 0 . 

5 n mJX± 6 0 n miiiTTfeSo 

[0 0 2 8] c:©^H^{^:*5i^Ts Aiys^fca. IHSS 

(Di:t. IHSHJi. ^jif^a. G e T e^-&^S/c{iG 
e S b T e^-g-^;b^e.^§3b\ ffi^S^D^^^^ LT«. 
^^DffiOM*^^. Ge-Te. Te-Sb. 



Te-Ge-Sb^ Te-Ge-Sb-Pd. Te-G 
e-Sb-Cr. Te-Ge-Sb-Bi. Te-Ge 
-Sn-0. Te-Ge-Sb-Se. Te-Ge-S 
n-Au. In-Sb-Te. In-Sb-Se. Te 
-Ge-Sb-Sn. In-Sb-Te-Ag, In- 
Se> T e-B i ^H^fflV^^il^^b'^TtSo 

[0 0 2 9] ^(o^m^z^\^^x. m.m\z.\.t. ^mm 

-^mmt^ ^oi^j^-^nxx^^^o t^^^^ c(d 
[0 0 3 0] z.ammc'ss^^x. 

CCDffi^fbie^iitt. T e - G e - S b^-a-^ 
(Te, Q.&mS^h\zz.t^^U!A(D7mdS'^-^XiX\^ 
TfcJ;W Jb^&^&D, ^©MfiScti, ia6{c^-r. Te^ 
Gei:Sbi:®3^^©)a^^^^ (Te. Ge, S 
b) -e^-rHft^^57T\ A (0. 4 7 5, 0. 0 5, 
0. 475). B (0. 665, 0. 05, 0. 28 
5) , C (0. 6 0, 0. 4 0, 0) . D (0. 4 0, 
0. 6 0. 0) (D4jS(CHSnfc»BH ii^k<DmMt1 
647.56 egS b47.5. ^B<DS^f±T ege.sG egS b 
28.5- Officii T esoG e4o, D (Difi^tt T e 40 
Geeo) F^t^feD. ^jlfctt. TOkl5^M©II_hS/i 
fiHTfC, SiN. SiC. GeN. PbSe. PbT 
e. SnSe. SnTSs B i gT Bg^Scfctf S bgT 63 

t ^mmmx f) m\x^ s (T^^t?-^ g e 

5J^?%*?^TS§) ^^BitU&m&<^^-:>X. IB 

■r^snA^feSo sfc. MbiB^jitD^*^ E6CD 

^n^^^yx\ j^B t,^x t^^sm^^x^omi 

ti\ j^Atj^Bt^^^mmimi^m^ (-r^i^-^Ge 
(o^:^mif^5m=i'%&.±xiii&?>t\ trnffa'prjii^^m. 

m) x^^t. 4mm^mtm^B'mtx(D^^mm(D 

[0 0 3 1] CcDlgBB^fcl^T. ffi^fklH^SOlM© 

<fcD$fsn/^iBHtt, m6 tmm(o^n^''^yx;^^m 

7X\ mmCTe. Ge. S b) t^^n^tl. E (0. 
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4 7, 0. 3 0. 0. 2 3) . F (0. 5 8. 0. 3 
0, 0. 12) , G (0. 5 6. 0. 4 4. 0) . H 

(0. 4 4, 0. 5 6, 0) ©SSHT?SSo .'SE(Dia^ 

T 6476 egoS bggTSD^ CDmf&itT e 
6308 bi2"?'SD> ^^GcDlifiScttT egg G 644-^^0 > 
^nommtT e 44G e ^eV&^o 

[0 0 3 2] (i(D^0j{c43v>T. mmttmrnom^o 

8-^\ mm (T e, Ge, S b) tf^^tl^tl. J (0. 
4 7, 0. 4 0, 0. 1 3) . K (0. 5 5. 0. 4 
0, 0. 0 5) . L (0. 5 2, 0. 4 8, 0) . M 
(0. 4 4. 0. 5 6. 0) (D4j;^}CfflSnfclBH'e^ 
§0 JiSJ®Sli^{iTe47Ge4oSbi3-^SD. JiSK©)e 
^«Te55Ge4oSb57?feO, j^LCOmmtT e 

[0 0 3 3] cicD^H^tcfc'v^r. mmm^ii. tEmmiz 
mmLxmif^n^mm.m^mi>i.it}micii^ sni 

S i S i SnSe, G e PbSe, P 
bTe. B izT 63*5^:0=5 bgT e3A^?):&§PcfcD^ 

Sntt\ ens. O^k-^tlO 9 -5 S n T e ^IBi^MS^j® (D 

±mLrcWM(Dit-^^(D'^mm^ 5 o{*«%Jx±i:-r 
s o ±^ L fc#^©{[:^i!^©#w^*^' 5 0 im%^mx 

lfi;fiSftJO±aiLfc#^©{t:-^ti®##*fi. 7 0im 

©#^i:LT«, vyithwyL, (ThP) . m.it^y 
(L a s) , T.tiy-J'^K ' Ty=9-^y (s c s 

b) . ^1J»>A • -trl/y (ThS e) . iJiW'^h,'^ 
lx>' (C a S e) . (P b S) . T.fsy-J'^h • 

exvx (S c B 1) . (^{fchU'i'A (Th A s) , B 
i S e . Hib-f yv'-i^ A (I n A s ) , >y h U A • 

(YT e) . • Ty^'^y (G a S 

b) . Pb S e. XX- 7>^ty (S n S b) . T/b 

• ry^^y (a i s b) . ^-OWM (c u 

I) , Xhny^'^i:. - -bU^CSrSe). SnT 

e. hU'^A-r^^^ty (ThSb). CaTe.^ 
{b/^U-^^A (BaS). LaTe. PbTe. BiT 
e. S r Te. H-^ftSI (Ag I) . Sbgles. B i 
2S 63. B i 2T e3:^i:^ffli^§2:i;*^T#S>b\ 

[0 0 3 4] C©^H^tC:JoV^T. 7'VX^S«±®»S 



mmits ^m^fcim^^mcomitm. mm. mm. 
y-j\m%5^xsm\mfi^^w<intz.'^r^<.}i%, i mm.(D 

y^)ny (S i O2, S i 0) , ^{kiJfy^;!/ (TagO 

5) . ■^rz.\m.\tVl\^U-tih. (ZrOa) ^if^Hfl: 

ti. j^{b>U=iy (s i c. >^ij3y;?j-/Wh) 
\\sf-^y (T 1 c. =^^yf3~)UY^ rs.^(J^m\m%> 
L<t±;i!7-iP> (c) -^1*, mty^)'^y (s i3N4) 

^§{[:7;l/5::i'>A (A 1 N) 
(Z n S) , Si^t (SmS) %tdim\\L7.Yny^tf h 
(S r S) ^H©^{t:!t%. *5j:t57-y{[:-7^T^S/'>A 
(Mg F2) &i:©7>y'f[:tl^H^*^5>^§fe'D^W 

[0 0 3 5] <l(D^^{i::j3V^T, V-^x<y v^fH^fCj; 

(Dmimmz\m. 2 (OKmm^t. mBrnm"^ 5 0 w/m 

• Y.\:A±.Xh^Mmxmm-^^hi:)m'^L\^\ 

X. m^mm'^s ow/m • Y^\;Ltx^^Mnhhx 

\t. A K Or. N i . Au. f\y-^h (H f ) . 

^$>''i'A (Pd) . (Ta) . (C 

o) . Mo. W. Cu. fecty-'T i 

nhLXmi^h\^^^(0\t. Al-Ti-a^, Al-Cr 
-a-^, Al-Ta-^^, Al-Pd-&#. Al-Cu-a- 
Ti-Al-^. Ti-V-a-^. Ti-Pd-Cu 

[0 0 3 6] ±KR©J;5(i:^^^nfc<i©^0J{e:J;n 

mmim(omm a la^so^j? d o 1 / 4 j; 

D^^<. *^-0MlPd(D3lg7fe?ifcLTV^^C^;tcJ: 

h-b^X^^o 
[0 0 3 7] 

xmm-^^m.Lr^tf'^mmt^o 

[0 0 3 8] Sf-\ CcDjgH^Olg 1 (DllJimifi: cfc^T^ 
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[0 0 3 9] miK^-t^o\z. <i(Dmi(DmMmmic 

j:57texVX^ xVX^aS2©-±M2 a± 

(ommi^m e ^xzim i omm 7 e ^ s mmm t . 

CO 0 4 0] t'^X^WRZH. '>:S:< ti>mim^(0 

com 1 o^ffimi{^*3v^Ttt. mxiit'v ti-^^^-^- 

h (PC) otD-rV7.^S|g2(DifiS 
{±. SOmmTfeD. 1 . 2mm 

[0 0 4 1] Sfc. C(D'r^'X^a^2(D-±ffi2 ate 

— lf7t*'^AI^Ti.»ejav^g|553-i:;5;Ds dcD^ i com. 

(DtL t^sh^'fa.-y'^tt (Di/Dg) it. 0. 5~ 
2. 0(DiEHrt*^?.®Jfn§o -r^^-^^ x:i-XYJ:k 
i^j'^O. STferit^Si-^TLSd i;. F2 b(Dil'MDi;6^^ 

T. m^mii^niL-^^^nttmmicrji^o sfc. [hi 

^tc, r^-7^'rit::^)^^2. 0 j;DAt <^orLS9 
^';l/-y2 ctD^MDg;^)^'^yF2 bOflDifCjrbLT 

ibOiffS LV^IEH{i^ 0. 8~1. 2t?Si.o tiCiT^ 

-M^^tf 5 ^ . ma(Dm h^^^ fc*3tt § f ^ >y ^ if 

'y^ (Tp) ^0. 7 7ftm. ^>-y2cO?^$ (H 
^(DW^) ^7 0nm. F 2 b cDipSD 0 . 8 2 
/im. ^Vl/— :;^'2 cOipSDg^O. 7 2/xmtLT. 
:i-X'ri:btt (0. 8 2/0. 7 2=) 1. 1 4 i:^ 

•So 

[0 0 4 2] $fc. mi ©Pmii3<D#m. IH^/ 
#S 3 ©M/¥tt 2 0 0 n mJWTt^lStf tl. C 1 £0^ 



SSmi(i:43V^T{i. &m£ 1 0 n m{c^tt"n§o 
[0 0 4 3] Sfc. ie^»4{i. ■^J^ff G e T e-^*^ 
5>^So Sfc. IS^ji4fi. ^©MiPd;6^'5 nmcfcDfe 

jSd;b'«5 0 nmJ:DAtV^i:. ^©MSSf^^AMfiTLT 
tE^ii4Sm-ii;b'5ii€>D-^-r<^D. IH^v-^/^li 

(DJliP dfi, 5nm^d^50n mOlBH*^ e>S{^n 

So Sfc. 2^^0^#(Dl3^ii4tC*3ttS{fWI4(D^^ 

#SlBH^%ltt-S^:. ie^S4®Mi¥dttl Onm^ 

x\ utomi (omtmmic^i^^xit. tEMm 4 (omm 

fi, M^tf2 0 nmg^-eSSo 

[0 0 4 4] Sfc. IB^IiSfjii 5 (DUnii. S n T e . 
SiN. SiC. GeN. PbTe. SnSe. PbS 
e. B i 2T egJScfctf S bgT e3A^P)^SS¥J;D3i«'n 

i^-it:^mt^ctt)m$L\.\ ccx\ ccomiom. 
mmmictsh^xii. iB^Msds 5 nm^as n t e ;b^e 
^^$n§o 

[00 4 5] $ fc. laiJffiiiia 5 (omm a ti, iHi^ji 4 

©Jlffd©l/4J:D;^#<. 3^cfcD/>Sv^lBH*^e. 

mm4(Dmmd tic^i^^x. 

d/4<a<3 d 
d/2^a<2 d 

3b^^3:i-rSJ:'5{i:>Kfig$nSo CCDIH^SS[|S5 

[0 0 4 6] $fc. ig2©^«#a6®$^m. mmx 
n^m<Du—^'mcML xm.mm&\^^un. m^mic 

-S i O2 ^<D=E)\y]m-bmA : lOfeCD) 

xit. n 1 (D^mii 3 iiig 2 (omnwrn e i:^sv^t^: 
m\^^^ch^m^x^^o 

[0 0 4 7] Sfc. mi OS*tS7ii. mt^A I 
*^e.^D^ <i©|gl©IISIJ^ffifcfev^T{i. A 1 

T i-&^*^e.:&5o S/c. Ill OEItS7fC$3V^T. ^ 
OPJp^2 0 nm*?ito-rSi:, IH^il 4 tCfc'V^T^i; 
S ^®Jj4f[;?3^+^Hr f-\ Si?^Sg;0^^^+^He % o T L 
S ^o m 1 (D^mm 7 ©Mi?^ 1 0 0 n mJ: D A 

# < -r S . D S J: 

tf;:. mi ®Sl^a7{c^i:S]5S;^j{cj:D. x^a.-:^ 
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(DR^m 7 commit, mi^matzo-i oonm^^e 

3i«'n. ccom 1 ©^SSmit*5V^Ttt. M^{S'6 0 n 
[0 0 4 8] ^^^^5M{k^Slia8i±. 

[0 0 4 9] &L±(o^'jicLrmi&-^rirc<i<Dmi<om 

mw^m 5. mz (Dmmwm e =t zim i (drmm i tf^ 
■r xi>f$n> iB^s 4 {cMftfsn^ c t j: d 

[0 0 5 0] &.±(DX^lcmiS.-StLrcil(Dmi(D 

•So 

[0 0 5 1] f^^-^^ s-r\ mmmmimmc^ 

mmz m^ii. m-^-. 1. 2mm. hv>y^t!>y^: 

0. 7 •7>'FOi|i@ : 0. 8 2/im. ^^)l~-f(D 

ifi : 0. 7 2 /im. : 7 0 nm) ^^ji 

[0 0 5 2] ii©x^'X^»«2^, Si^--^' 

m (Ng) ■^T.^m^^fcxAy^vymici:^. 

7.^aS2(D-'±ffi2 a±fe:Mx.«'S i N^jjScM-T^o 
cnt^lcfeD, ■rVX^aS2 0-±®2 a±(CS i N*^ 

iE>rj:^mi(Dmm^S3t)mm-&ri?>o ccx\ cox 

dy (At) :ffxrj-E(D^^^:ffxtN2:ffX<DS.m:a 

X^fflV\ ^H^(DWimlt^\ r : N2=3 : U l?H 
M::9'XCDJ±;/7^0. 6 P a ^L. X/^^y^Uy^V^y- 
^2. 5kWJ:t"i.o ^Otis iKDH 1 £Di§«i*:S3;b^ 

im-$tircy'^x^mm2:^mi<D7.7^y^vy'!f=^^ 

[0 0 5 3] ^^til. 7'VX^SIg2^|g2©7./^y^'; 

fi. X/^y^U>'^^?Sti:j;D. m l (Drnmi^M 3 ±ic. 
m^liG e T e^^^J?gM1"i.o CtllcX'O. G e T e 

>y ^^#©-M^^lf § i:. ^fflm;^J^X i: LT A r 
^ H©^?Stt;^fX^fflV\ X/^y ^ U y^^^U-^ 0 . 

3kW. 3IHM;^7'X®iEE;'7^0. 4Pa (3. OmTo 

r r) t-r^o c(Dh^. tmmAit. ^mm.(Dm.i&if 
les^s 4 s-ej^^^n/c-rV x 2 2 ©Xz-^-y 



[0 0 5 4] tm.MA'^xim'^ntc^^^T.^^m 

^2^. ^3©X/^yi5fUy^9^i'y/^rt{cagAU m 

S^SBfilKH-rSo ^©^i. S n T e-a-^^-^'y 
fflV^fcX^^y ^ U j; D . lESii 4 ±{C S n T e 

-a-^^^MfSo CintCj;^. ia®ji4±{CS nT 
^;b^S>^§ie^Sl&a5:6'^i£|-fi:ffM^n§o 
d ©X/^ >y 9%.^<D-m^mf^ t , llffl^;«^X L T 
A r :^xr£E<Dyfm^:ffX:^m\^\ 7s)%y^^)y^)^^ 
-^0. 3kW. IIH^;9^X©i±;'j^ 1 . 3xio-ip 
a (1. OmTo r r) ^"TSo ^©m> COfE^MS!] 
M5S-?-ffM?n/cxVX^aig2^. ^3©X/^y^ 

'}yf=^\yj^i:i^hm.m-^. 
[0 0 5 5] ^^tc, feiJiii&S5STj^^$nfcxVx 
^mkz-^. %A(OMy^^)y^i-^y}micMK 

^©m^fiBf^igfi-rSo ^©ti. Z n S - S 1 0 

2^-^'-y h>&fflV^fcX/^yi$?Uy^'?SfcJ;D. IH^Ii 
gjasJifuZ n S-S i 02^^M1-§o cntCctD. 
IB^ffig!3ii5±tcZnS-S i 02A^5.^§m2©ii« 
^*:^6*^}gfig5n§o e:<lT% <:©X/^y:5f^f!^©-^J 
^^tf § i:. I?HM;^7X LT A r if ©^Stt^Q" 

X/^^^y^Uy^V-^y-^O. 6kW. 
ij7sOm.-n^\. 3X10-iPa (1. OmTorr) 
i:-r§o ^©lis il©^2©MmH6S-^«?nfc 
rVX^»;K2^. |g4©7./^y^U>^9^^y/^;6^e 

[0 0 5 6] M-C. ^2©i§mS6ST'Jgfi!c^nfcx 

^'X^'S1S2^. ^5©x/^y^y 

AL. ^©mSfiStriiBf §o ^©ft. Al T i^^ 

^2©^m®6±fc. A 1 T i^^^^M-r^o iin 

(CJ;D. ^2©gimS6±{c, A 1 T i^t^ibts,^ 

#©-M^^tf S m-m^iiX i: LT A r H'^r^EO 
^rStt^^'X^fflV^. X/^yi5fi;y^V^7-;&2. Sk 
W. m-mn.iJXCD]±.1l^\. 3xi0-iPa (l. Om 

To r r) i:-r§o ^©fi. ccomicDKMrni^xm 
f^-^nrc'f^x^ms.z^. ^5©x/^y^uy^^^ 

[0 0 5 7] ^©fi. n 1 (Ds.Mm 7 commit. 
[0 0 5 8] jLxifcj; 13^)1 4 i: Lxmmmm(D 

G e T e >&ffll^fc. il©^ 1 ©^SSJ^SIfC Jc^SillHSk© 

[0 0 5 9] *^0^m. i^±©J;a{cffijg$n/cc:© 

m 1 ©^ssmitc j;?,)t-rVx^ 1 icfcv^T. mmms^ 

S5©M/Pa^. d/4^a^3 d©|gHF*iI. R{*6^tC 
ti. a = d/4. a = d/2. a = d. a = 2d. a = 
3 d i: Lfcyt-T^X'!; 1 ^^ti^nSiiL. ^ti5)©7fe 
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6 6 0 nmilLs ^PftlU^XorJniSCNA^O. 57 5 

[0 0 6 0] <i(DmmKmf^^W:^mzic^to * 

^Vl/-y(Dl¥fffi{»^ TBj -e^-To 5?>{c. *fS0^ 

to 

[0 0 6 1] mzti^lb. ^;l~rK^\^Xlt. IB^Sgj 

m 5 commas, d/ 4-3 d(omm\Hxm'p-^'^r^^ 

nfc^L. ^yKfc$5(/^r«. I3^ffi S!jS 5 ©MiP a 
d / 4 ~ 3 d ©IBHrt"?'M6i'^*-&TV^o fc±f -^-e 

[0 0 6 2] t*t)-e, ^^U7^f[:fi:*5ij§lH®Mlij 

jb^'^'-A^So cntcjcD. la^ffisfjs 5 cD^is^mafi^fc 

[0 0 6 3] Sfc. 03*^?.. ffigJMI&jiSOMiPa 

IBgM4(DMjld<Dl/4m:^TM^^<t-§WC 
#oT. mmtf^-mLKWPLX^^^^^hWT^-b-^^o cti 

ic^<o. W!m.(Dmfm^mut?>ct^sffjtLxnt^rL 
(Dmm d ® 1 / 4 ^j: D < Lfcm^Kit. Mmom 
*^ e. . mmms 5 oMff a a. mmm 4 ©^ff d o 1 

[0 0 6 4] 02 7b^6>. fH^^fl&Ji5©MJPa 

^cfcD/h$<-r§i:s d/4(c;&§|g|5i(i:fev^T, ■^^ 

mtti\ ti,Km'pLx\^^<ctff^j^t)-'^. -tr^^^. 
mmmma 5 (omm a ^^ih^s 4 omm d © 1 / 4 t:^T 

(a^d/4) tr-r§i:, ^yK®{M^#l4i:^>-y 

(Dm^w^tt^t^K^itLXL^octij^^-b-^^o -r 

(Dmmd(Dl/4XD±t< (d/4<a) •rS'BS*'^ 
St). l3^il4 0Mi*dcDl/2Ji^± (d/ 

2^ a) {i:-ri>(D;?)WSLV\ Sfc. *fg0^#cOj3gMII 

mt'^mrc^mcxnii. iH^ifsfiii 5 (omm a mm 

m4(DmmdO)lX4XD:kt< (d/4<a) f^C 



[0 0 6 5] sfc. H3;b^?.. im^mmsomma^ 
s D ±t'r€rj:\,^ijts^Bi < , iH^s 4 (omm d © 3 ^t:^ 

[0 0 6 6] ^e>tc, 02*^?). IB^MS!jji5(DMJ¥a 
^i^APJ-ti:. ^<7)MJ¥aA'iBB@ji4cDMi¥dtD3m± 
(3d^a) trj:^rcmmX\ ^yY(D^^^)7(Dmh 

sac tmf}^?>o Lfcjb^o T, IBiJffiiljS 5 (DJIJ? a 
^BHi^S4 0j^iSd(D3^U(± (3d^a) Kt^ts 

LTL$v\ a3{r^-rtfglS^{cJpi;fc|gmi:^Sc 

tti^t>ti^^o -r^lD^. IB^Iiliii 5 tDM/¥ a 

< i;€>IB^ji4©JliPd©3^*?i (a<3d) ict^ 

(a^2d) {C-r§©>?)WSH/\ 

[0 0 6 7] $?>fC, *%0J#tt, ^^mj:^UXh- 

5©MiP^^$?'Sfc^fb$^J:fc±i^tc$5V^T. 2 TV 

©fi^fifcjjit^iB^saiis^Mffte^tt^^-ro & 
fc\ m4ic-i5\^^xmmii. ^^^vromtimaimKt 

^rziblcmMff^rj:7'i^^J\^ (dB) 
[0 0 6 8] S4A>?,. iEmm^^m5<Dmma^3dii^ 

^d/2imp-s^^(oic(:^\,\ 9i\^~^\z.^\^um 

:&^t> 5)-r\ e> y F tciiniAty n X h - ^ 

:/(c^injAty^nxF-^'{i. IBa^MSlS 5 OJIJ? a ^ 
3d*^e.d/2{i:i5^^-a:§©{c#v\ ^=FiiAn-rsS 

Jt-e^t?. ^^:&iiijnasii§$n^i\ f^^-s. IB® 

liS!]ii5cDMff^«06^tr^{b$^J:fc±I^T^fe. ^nx 

[0 0 6 9] mMmLfcii o fc. 1 ©^siji^^ 

fc. |glOf§mS3. IB^S4. IB^ffiSf]S5. ^2 
6 $5 1 OS*fii 7 A^5>^5»SM*'5^ 

^ (cfev^T, la^aiis 5 ©Mff a mEmm 4 (dwm d 

© 1 / 4 ^J; D < 3 ^7fe?S{c-r § ii i: j; D . 
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2 btcfcnt§M#lgiii:^;l/-r2 cfcfett§€^igiH 

ji^fiicM^ff^li^Loo. 7yF2 bfcJ:tf^VL/-y 

[0 0 7 0] i^tc, c(D^m(Dm2(Dmmmmjcx^^ 

[0 0 7 1] ^5{C^-rj:5^^> C®ll2©^]lff^^fC 

mm 1 5 , mmm i e *5<toB 4 ommm 1 7 

[0 0 7 2] xVx^aiSl 2«. M^ff4?'J;?7-.-Kt^ 
-h (PC) ^i^^n;tU7'ryif°U'7- (^ijx.«\ -ff 
(^^Sli) ) rjiEcoimymwm^^m 

{i'O. 6~1. 2mm-eSDs (1©I|2 ®||SlJ^fi|{C:fe 
V>T{±. M^tf 1. Imm^a-eSSo *fc:. (ICx-r 

»«1 2t^:MLT?»V^)^^jijil 8;iW?.nfc»^e. 

[0 0 7 3] Sfc. COxVX^SISl 2©-'iffil 2 
e.3iV^gP^^^:S:D. il'D^2(D^SSm^K*5l/^Tt±. il 



2 C»^5fiJ^S(C:joV^Ttt. CfDflgp:^^;!'-^ 1 2 c 

1^^; <icT\ <r:®^yF 1 2 b(Di|iDiJ:^>-:/i 
2 c©i|iMDgi;©i:L -r^^-^x^-x-Yib (Dj/ 
Dg) tt. ^1 ©^iEimif^*3ttSi:|5l1i©SSt^cfc 
Ds ^Wt^\c\t<d . 5 — 2. 0©IBHl^;^)^e)Ma'ns 
iitctto. 8 — 1. 2 0lBHp«g*^5>Mi^nSo 
(l(D^2<D^Si5J^^}CfeV>T> y'^X^mmi 2<DBes 

tt§ F'^'y^lf-y^^ (Tp) ^0. 7 7/im. 
<D?^^ (IHIgP©??^^) ^7 0nmi;Ls ^yFOipSDi 
^0. 8 2/im. ^Vlz-yoiflDg^O. 7 2^mi:L 
xo.— r-Yittt (0. 8 2/0. 7 2=) 1. 1 4 

[00 7 4] $fc. m 2 (D&mm 1 3 {is flints A 1 

ctD^2(D^SIJF^ll(r*3V^Ttt. M;^a~A 

1 T i^^A^p.^5o sfc. comzoKMmi 3 (Dm 

i^miat. 2 0-1 00 nrnfj-^^Mi^ri. m^iie O n 
[0 0 7 5] Sfc. ^30ii«f*Ji 1 4(D$*m. IH^ 

S-S i O2 (Itf^:. ^<D^)Vlt^tim4 : !©?>©) 

[0 0 7 6] SfCs tHS^MIftS 1 5 (D#3^{i. S n T 

e. S i Ns S i C. G e N. PbTe. SnSe. P 
bSe. B i 2T e34oJ:0-~S bgT e3*^e):2;§^«fcDS 

^50 im%i:i±. J; D ^ffiitt (±70 ^^£«%J^^± i: L fc 

fe<DT'3&So sfc. (KDie^Mi&ai 5{i. iHa^si e 

n T e:ice)^Jt$n5o 

[0 0 7 7] $fc. IH^MSfjii 1 5 ©Mff a tt. ^ 1 © 

p.^«'n5. t-^t)-^. le^Msdsi 5{i. ^©jiiSa 

tlH^S 1 6 ©MMd hK^X^^X. 
d/4<a<3 d 

d/2^a^2 d 

[0 0 7 8] Sfc. IH^ii 1 MxLtf G e S b T e 
-&^A^?,>S:?>o Sfc. COia^jil 6©MjPdtt. Hi 
©lli®Ji^M{i:fclt§i:|WI^©afiA~'?>> 5nm^d^5 
Onm^lEHA^^m'nSc, Sfc. *^H.§#©IH^^ 1 

6 }cfett§{s^iti4©^*^?>#:rc^M{i:cfcn«\ m 
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tmmi 6©Jljed{il 0nm<d^4 0nm<DlB 

mmmic^h^rit. tmm 1 6 commit, m^ifz o n 
[0 0 7 9] $fc, ^4<D^ma 1 7(omi±. mm 

1 7 ©Mifii 2 0 0 n mOTtCS^'n. il ©11 2 O 

fc\ c 2 oiii5Sjg^{c*5v^r tt. m 3 (D^ms i 

[0 0 8 0] Ji^±©<tdfCLT^^$nfc<l©^2©^ 

XX3^)\^--y 1 2 c (D±yj(D^ti^'ticDmMm 1 e f;:^ 
[0 0 8 1] &±(D^dim^-^nrcC(Dm2<D 

[0 0 8 2] -Tftte-is. S-f. ^ij^tf*fffi^ff^?ifrj: 

S«l 2 (^ij^a\ J¥S : 1. 1mm. h'^-y^'lf^y 
^:0. 7 7/im. ■7yK®i|iM: 0. 8 2/im. 

: 0. 7 2iim. ^J\y-f<om-S : 7 0 nm) ^ 

[0 0 8 3] 'Aic. Bamhyy^timf&'^nrcT'^x 

2^. ^1 (DT./^y^JfU^^'^i'y/^rtfcm 

^®fiff^{)iKtc«gK-r§o ^©ti. A 1 T i -a-^*^ 
^■^imt^o cnfcjiDs xVx^sfei 2±t, A 

1 T i^^i:i^^r^^m2(DKMmi 3*^~ffM?n§o C 
Z.X\ CcDX^^y^^#©-MWf§i:. 5IHM;?J'X 
i: LT A r X/^^y ^ U > 
^^^7-^2. 5 kW. |?HM:^fX(DE:^J&l. 3X1 
0-iP a (1. OmTo r r) ht^o t(0^. COm 

2 (D^ms 1 3 tm^^nrcv'^ x ^ms. 12^.^1 

[0 0 8 4] i^fc, m 2 cDMifii 1 3 ^xmi^^ntcT' 

-YX^SSl 2^. |g2©XA>y^Uy^~^^y/^rt{i: 
^©m^feWr^g-rSo ^©m. ZnS-S 

i 02^f-^"-y h^ffli'^/c:^>'^^y^5f'J:^^"Sfi:<fcD. H 

2©siirsi 3±{czns-s i 02^^)i-r§o 



I|2©SI^S1 3±{CZ n S-S i Og*^?)* 
'5lg3©^«#:Sl 4*^Jg^$n§o <1CT\ CCDX^^ 
>y ^^#©-M^^if S i: . mm^iSX hhXkviiT. 
&if©^g'l4;9~7>^fflV\ X/^^y^U^'^VW-^O. 
6 kW. ^H^;?;^X©iEE;^^ 1 . 3xiO-iPa (1. 
OmTo r r) ht^o ^O^. C©|g3©^«#jil 

[0 0 8 5] m^s m3CDmmi:^» 1 4ST«$nfc 

■rVX^aSl 2^. l|3©X/^y^U y^'f-^y/^rt 
t;:iJAU ^©^^fuBtr«B-r^o ^©ti. SnTe 
-a-^^Jf-'^r^y hJ^fflV^fcX/^y^yy^^^SfcJ:?), ^3 

(ommi^m 1 4±{c s n t e-a^^^ji-r^o cnicx 
msommi^mi 4±(csnTe-a^*^e.^§iB^ 

m^<D-m^mf^t. mm^iST. tLx k v iS7.r^^ 

©^?g'li;^'X^fflv\ Ti/^y^U^'^V^y-^O. 3 k 
W. nmn.iS7.(OS.ti^l. 3xlO-iPa (1. Om 
To r r) ht^o ^om. C©|H®ffiij«l 5STJF^ 
^^nfc-r-r-X^a^gl 2^. ^3©X/^y^5?U>yf- 

[0 0 8 6] :ki^. zmmmmm i s^-e^^sn^c 

■rV 7>i>S^ 1 2 4 ©X/^^y ^ U >'i^>-Y y/^p^tc 

mic^Kf. immm 1 5±(c, M^tf g e s b t e-a- 

^^fijcMfSo cntcj:?). G e S bT e-a^*^?)^§ 

IB^JII 6*^~ffM$nSo C!1X\ Z(07.)^v ■^M^cD 
-M^WSi:. »H^;^~Xi:LTA r:^'X:&H©^S 
tt;9'X^fflV\ X/^y^U^^V^7->&0. 3 kW. S? 
H^:«^X©E;^J^0. 4Pa (3. OmTorr) 

^1 2^^4©X^^y^Jf'jy^5^^>>'^3{)>e.Mtf}-r§o 

[0 0 8 7] zmmm i e s-ejfM^n/cxV 

X^S^gl 2>&. S i ^-'y^'^y h*W$nfc^5©X 
/^y ^ U y^'^^ yy^rttc^AL. mSfuH{c««-r 
§o ^©^. SiS;«rxi:LTN2;^fX^fflV^rcX/^y^5? 

uy^^tcjcD, mzommi 3±imms i 

5.^§ll3©^mii 1 4*^^JFM^n5c> co-e, c© 
X/^y^^{^}^©-M^W§i:. mm^^'XtLX. A 
r ;^;'X;S: H©^?g'lt;?;^X t N2;!j'X©SJS;^~X^fflv\ 
^^^.©i^ajrb^A r : N2=3 : K flE;'j^O. 6P 
ai:U X7^y^Uy^/'?7-^2. 5 kW^if §o ^ 

©m. ©m 4 omnium 1 7 nfcf^-i' x 

^1 2^^5©X/^^y^Uy^^5^-vy^^A^?)Sim-r§o 
[0 0 8 8] ^©fg. ^2©S*tSl 3. m3©^m 

si 4. IB^MSjiil 5. IB^Sl G^^xim^comM 

-a-^-^^B (K^-^-f) ^mh^x. mmmi s a^:^^^ 
xymm^i^-h 1 8 bmo-a-tJ-ti^o on^cj:!?. 
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[0 0 8 9] t^±{Cc):o. ccomzcommBmic^^^ 
i^^m. tmmmm 1 5 comm a mmm i e (omm 

dKMLX. d/4<a<3 d(DlBHrt}CLTV^§Ci: 

[0 0 9 1] J-X±. C(D^0^<D^fiSmi{COl/^Tmi4:6^ 

[0 0 9 2] ±a^(D^SSm^{<:feV^TWfci!{ 
[0 0 9 3] m^li. ±^(Dm 1 tDHSSJ^^tilfeV^T 

m^mm^7'4 x^r^Eimmt^ ^ 1 1 Rrig-esi.o 

[0 0 9 4] $fc. mff±xEom2(D|l5iJ^8lfCl3V^ 
Tfi. m2cDSI<fSl 3(DmtLXA 1 T i ^^ffl 
V^fc;5)\ ^2<DS*fJil 3«D#i^^lLTtt. A 1 T i 
^J^^^tCfe. A 1 C u-a-#^H©ffi(DA 1 A 1 . 

il (Ag) , AgPdCu-g-^J&HtDAg^^. ® (C 
u) . Cu-a-^J5:H^fflV^§ili:feRltgT'fe^o Sfc. 

±kR£d^ 2 (Dmmmmjz^\^^xit. vmm letLx. 

G e S b T e-^*^e):&Sfe©^fflV^fc*^ IHi^S 1 6 
elnSbTe^^. A g I n S b T e-^^H©^® 

[0 0 9 5] sfc. m^i£±^(Dmz<DMmBmjc:^\^^ 

T{±. T^-rX^S^gl 2©-±ffil 2 atCjj^fig^nfcIHI 
iaPh^^y^^tJ::fett§h^y^lf'y^TpJ&0. 7 7 /i 

if'^i;LTrE^5*U 0 5 nmggcDWfeV- 
■if'^ffllX 2P^yX^fflV^TNA^iS46. 0. 8 5li 
mtbrcm-^i^iis h^-y^li-yf-Tp^O. 7 4/xm 
t(T^ mf*:6^t^{iO. 3 iimmmcLXi>^h\ 



[0 0 9 6] 

wmmt. mmmimmbrctEMm&jm t m^r^ 
(omm d htEMm^m(omM a h(Dmz.^\^x. d / 4 

< a <3 d^'^^jSiL-rS cfc 5 t^^jjictTV^^ C iitCct; D. 

[0 2 ] ;i (Dmmm 1 (DrnmBm^^^ytT'^ x ^ 

[ia3] ci©^Be<D^l©^i§!gJgfllti:j:§)txVx^{c 

[ia 4 ] c: (omm'M 1 (DrnmBBic ^^itf^ x^ic 

[05] iI<D^B^cD^2tD^]6jgJg^ti:j;§^x^'X^^ 

[0 6 ] c (D^Mic ^^yemEmm^K^if^mmtm 
mm(Dnmm^^^t^n^''9yx$>^. 

[0 7 ] c ©fiB^tc x^^mEmmmc&fmmm 
mmo:>im^^mj&^^tE.n^^'yyx&^o 

[?^^©mB^] 

1 , 1 1 • • • T^-rVX^'. 2. 1 2 • • • -rVX^S 

2a, 1 2 a • • ■ — 2b. 1 2 b • • • 
y K. 2c. 1 2 c • • • ^fl-y. 3 • • • ^ 1 CDM 

4, 1 6 • • -iH^s, 5. 1 5 • • 'tmrn 
mm. 6 • • -mzomm^m. i • • - mio^M 
m. 8 ■ ' -mnmrn^mmm. 1 3 • • -mzo^m 

Ms 1 4 • • • lg 3 1 7 • • •m4(DmW. 

i^m. 1 8 • • • ^mms. 1 s a ■ • • mmm. 1 s 

b • • • ^^Miitti/- h 



(14) 



#M 2002-269812 





[0 6] 



mil 



[08] 



(15) 



#§32002-269812 




\\\\\\\ - 




12 



F^-A(##) 5D029 JAOl JB05 JB35 JB45 WAOl 
WA27 WA29 WB12 WB13 WCIO 
WDll 

5D121 AAOl AA04 AA05 EE03 EE13 
EE14 EE27 



PATENT ABSTRACTS OF JAPAN 



(1 1)Publication number : 2002-269812 



(43)Date of publication of application : 20.09.2002 



(51)lnt.CI. G11B 7/24 
G11B 7/26 



(21)Application number : 2001-071793 (71)Applicant : SONY CORP 



(22)Date of filing : 14.03.2001 (72)lnventor : HAYASHIBE KAZUYA 
OWADA KATSUYA 



(54) OPTICAL RECORDING MEDIUM AND METHOD FOR MANUFACTURING 
THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical recording medium in which 
the latitude for designing an optical disk is increased, the signal characteristics in 
the recording layer in the recesses and projections of lands and grooves can be 
kept in a preferable state and high reliability can be obtained. 
SOLUTION: A layered film of a first dielectric layer, recording layer, recording 
assistant layer, second dielectric layer and first reflecting layer successively 
deposited is formed on a disk substrate having groove tracks with recesses and 
projections formed on at least one principal surface. Then a UV-curing resin 
layer is formed to cover the layered film. The film thickness (a) of the recording 
assistant layer is controlled to satisfy the relation of d/4<a<3d, and preferably 
d/2^a^2d with respect to the film thickness (d) of the recording layer. The order 
of depositing the layers in the layered film may be reversed, and in the case of 
reversed order, a light transmitting sheet is disposed with an adhesive layer 
interposed to cover the layered film. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The recording layer constituted possible [ record of an information 
signal ] by irradiating a laser beam on the field in which irregularity was prepared 
in one [ at least ] field of a disk substrate, and the irregularity of the 
above-mentioned disk substrate was prepared. The optical record medium 
characterized by materializing d / 4< a<3d when it is the optical record medium 
with which the cascade screen to which the laminating of the record auxiliary 
layer which adjoined the above-mentioned recording layer was cam'ed out at 
least was prepared, thickness of the above-mentioned recording layer is set to d 
and thickness of the above-mentioned record auxiliary layer is set to a. 
[Claim 2] The optical record medium according to claim 1 characterized by the 
above-mentioned recording layer being constituted possible [ record of the 
above-mentioned information signal ] by change in at least two conditions of 
changing reversibly. 

[Claim 3] The optical record medium according to claim 1 characterized by the 
above-mentioned recording layer consisting of a phase change ingredient 



constituted by the phase change of a crystal phase and an amorphous phase 
possible [ record of the above-mentioned information signal ]. 
[Claim 4] The optical record medium according to claim 1 with which the laser 
beam used for record and/or playback of an information signal is characterized 
by being constituted so that the above-mentioned recording layer may in^adiate 
to the above-mentioned cascade screen from the side in which the 
above-mentioned disk substrate exists. 

[Claim 5] The optical record medium according to claim 4 characterized by 
carrying out the laminating of the 1st dielectric layer, above-mentioned recording 
layer, above-mentioned record auxiliary layer, 2nd dielectric layer, and 1st 
reflecting layer one by one, and consisting of sides with the above-mentioned 
cascade screen near the field in which the above-mentioned irregularity of the 
above-mentioned disk substrate was prepared. 

[Claim 6] The optical record medium according to claim 4 characterized by 
preparing the layer which consists of synthetic resin as the above-mentioned 
cascade screen on the above-mentioned disk substrate is covered. 
[Claim 7] The optical record medium according to claim 1 with which the laser 
beam used for record and/or playback of an information signal is characterized 
by being constituted so that the above-mentioned recording layer may irradiate 
to the above-mentioned disk substrate from the side in which the 



above-mentioned cascade screen exists. 

[Claim 8] The optical record medium according to claim 7 characterized by 
carrying out the laminating of the 2nd reflecting layer, 3rd dielectric layer, 
above-mentioned record auxiliary layer, above-mentioned recording layer, and 
4th dielectric layer one by one, and consisting of sides with the above-mentioned 
cascade screen near the field in which the above-mentioned irregularity of the 
above-mentioned disk substrate was prepared. 

[Claim 9] The optical record medium according to claim 7 characterized by 
preparing the light transmission layer which can penetrate the above-mentioned 
laser beam as the above-mentioned cascade screen on the above-mentioned 
disk substrate is covered. 

[Claim 10] The optical record medium according to claim 1 with which the ratio of 
the width of face Dg of the level difference in a part with the above-mentioned 
laser beam near from an incidence side and the width of face Dl of the level 
difference in the part of a side far from the incidence of the above-mentioned 
laser beam is characterized by filling 0.5 <=DI/Dg<=2.0 in the part in which the 
irregularity of the above-mentioned disk substrate was formed. 
[Claim 1 1] The optical record medium according to claim 1 with which the ratio of 
the width of face Dg of the level difference in the part of a near side and the width 
of face Dl in the part of a side far from the incidence of the above-mentioned 



laser beam is characterized by filling 0.8 <=DI/Dg<=1 .2 from the incidence of the 
above-mentioned laser beam in the part in which the irregularity of the 
above-mentioned disk substrate was formed. 

[Claim 12] The optical record medium according to claim 1 with which numerical 
aperture of the objective lens used for record and/or playback of the 
above-mentioned information signal is characterized by or more 0.45 being 0.60 
or less. 

[Claim 13] The optical record medium according to claim 1 with which thickness 
of the above-mentioned recording layer is characterized by 5nm or more being 
50nm or less. 

[Claim 14] The optical record medium according to claim 1 with which thickness 
of the above-mentioned recording layer is characterized by lOnm or more being 
40nm or less. 

[Claim 15] The optical record medium according to claim 1 with which thickness 
of the above-mentioned record auxiliary layer is characterized by 3nm or more 
being lOOnm or less. 

[Claim 16] The optical record medium according to claim 1 with which thickness 
of the above-mentioned record auxiliary layer is characterized by 5nm or more 
being 60nm or less. 

[Claim 17] The optical record medium according to claim 1 with which the 



above-mentioned recording layer is cfiaracterized by constituting tiie 
above-mentioned information signal possible [ record ] in postscript. 
[Claim 18] The optical record medium according to claim 1 characterized by the 
above-mentioned recording layer consisting of a GeTe system alloy or a 
GeSbTe system alloy. 

[Claim 19] The optical record medium according to claim 1 characterized by the 
above-mentioned record auxiliary layer consisting of an ingredient which 
contains at least one kind of compound chosen from the group which consists of 
SnTe, SiN and SiC, SnSe, GeN, PbSe, PbTe, Bi2Te3, and Sb2Te3 as a 
principal component. 

[Claim 20] The optical record medium according to claim 1 characterized by 

being constituted possible [ record of a record mark ] by the recording layer 

prepared in the upper part for heights in the irregularity of the above-mentioned 

disk substrate by the above-mentioned laser beam, and the recording layer 

prepared above the pars basilaris ossis occipitalis for a crevice. 

[Claim 21] The optical record medium according to claim 1 characterized by 

being constituted so that the above-mentioned recording layer may be prepared 

in the side by which the above-mentioned laser beam is irradiated. 

[Claim 22] The recording layer constituted possible [ record of an information 

signal ] by irradiating a laser beam on the field in which the irregularity of a disk 



substrate was prepared, When the record auxiliary layer which adjoined the 
above-mentioned recording layer is the manufacture approach of the optical 
record medium in which the cascade screen by which the laminating was carried 
out at least was formed, sets thickness of the above-mentioned recording layer 
to d and sets thickness of the above-mentioned record auxiliary layer to a The 
manufacture approach of the optical record medium characterized by forming 
the above-mentioned record auxiliary layer in thickness (d / 4< a<3d). 
[Claim 23] The manufacture approach of the optical record medium according to 
claim 22 characterized by forming the above-mentioned recording layer by 
change in at least two conditions of changing reversibly, from the ingredient 
which can record the above-mentioned information signal. 
[Claim 24] The manufacture approach of the optical record medium according to 
claim 22 characterized by forming the above-mentioned recording layer by the 
phase change of a crystal phase and an amorphous phase from the phase 
change ingredient which can record the above-mentioned information signal. 
[Claim 25] The manufacture approach of the optical record medium according to 
claim 22 characterized by recording the above-mentioned information signal on 
the above-mentioned recording layer by irradiating the above-mentioned laser 
beam at the above-mentioned recording layer from the side in which the 
above-mentioned disk substrate exists to the above-mentioned cascade screen. 



[Claim 26] The manufacture approach of the optical record medium according to 
claim 25 characterized by forming the above-mentioned cascade screen by 
carrying out sequential membrane formation of the 1st dielectric layer, 
above-mentioned recording layer, above-mentioned record auxiliary layer, 2nd 
dielectric layer, and 1st reflecting layer from the side near the field in which the 
above-mentioned irregularity of the above-mentioned disk substrate was 
prepared. 

[Claim 27] The manufacture approach of the optical record medium according to 
claim 25 characterized by forming the layer which consists of synthetic resin as 
covers the above-mentioned cascade screen after forming the above-mentioned 
cascade screen on the above-mentioned disk substrate. 
[Claim 28] The manufacture approach of the optical record medium according to 
claim 22 characterized by forming the above-mentioned laser beam in the 
above-mentioned recording layer possible [ record of the above-mentioned 
information signal ] by irradiating the above-mentioned recording layer from the 
side in which the above-mentioned cascade screen exists to the 
above-mentioned disk substrate. 

[Claim 29] The manufacture approach of the optical record medium according to 
claim 28 characterized by forming the above-mentioned cascade screen by 
carrying out sequential membrane formation of the 2nd reflecting layer, 3rd 



dielectric layer, above-mentioned record auxiliary layer, above-mentioned 
recording layer, and 4th dielectric layer on the field in which the 
above-mentioned irregularity of the above-mentioned disk substrate was 
prepared. 

[Claim 30] The manufacture approach of the optical record medium according to 
claim 28 characterized by forming the light transmission layer which can 
penetrate the above-mentioned laser beam as the above-mentioned cascade 
screen is covered after forming the above-mentioned cascade screen on the 
above-mentioned disk substrate. 

[Claim 31] The manufacture approach of an optical record medium according to 
claim 22 that the ratio of the width of face Dg of the level difference in a part with 
the above-mentioned laser beam near from an incidence side and the width of 
face Dl of the level difference in the part of a side far from the incidence of the 
above-mentioned laser beam is characterized by filling 0.5 <=DI/Dg<=2.0 in the 
part in which the irregularity of the above-mentioned disk substrate was fonned. 
[Claim 32] The manufacture approach of an optical record medium according to 
claim 22 that the ratio of the width of face Dg of the level difference in the part of 
a near side and the width of face Dl in the part of a side far from the incidence of 
the above-mentioned laser beam is characterized by filling 0.8 <=DI/Dg<=1.2 
from the incidence of the above-mentioned laser beam in the part in which the 



irregularity of the above-mentioned disl< substrate was formed. 
[Claim 33] Ttie manufacture approach of an optical record medium according to 
claim 22 that numerical aperture of the objective lens used in the case of record 
of the above-mentioned information signal and/or playback is characterized by 
or more 0.45 being 0.60 or less. 

[Claim 34] The manufacture approach of the optical record medium according to 
claim 22 characterized by fonning the above-mentioned recording layer in 5nm 
or more thickness 50nm or less. 

[Claim 35] The manufacture approach of the optical record medium according to 
claim 22 characterized by forming the above-mentioned recording layer in 10nm 
or more thickness 40nm or less. 

[Claim 36] The manufacture approach of the optical record medium according to 
claim 22 characterized by forming the above-mentioned record auxiliary layer in 
3nm or more thickness 100nm or less. 

[Claim 37] The manufacture approach of the optical record medium according to 
claim 22 characterized by forming the thickness of the above-mentioned record 
auxiliary layer in 5nm or more thickness 60nm or less. 

[Claim 38] The manufacture approach of the optical record medium according to 
claim 22 characterized by forming the above-mentioned information signal for 
the above-mentioned recording layer possible [ record ] in postscript. 



[Claim 39] The manufacture approach of the optical record medium according to 
claim 22 characterized by forming the above-mentioned recording layer from a 
GeTe system alloy or a GeSbTe system alloy. 

[Claim 40] The manufacture approach of the optical record medium according to 
claim 22 characterized by forming at least one kind of compound chosen from 
the group which consists of SiC, SiN, SnTe, SnSe, GeN, PbSe, PbTe, Bi2Te3, 
and Sb2Te3 in the above-mentioned record auxiliary layer from the ingredient 
included as a principal component. 

[Claim 41] The manufacture approach of the optical record medium according to 
claim 22 characterized by fonning a record mark in the upper part for heights 
and the pars basilaris ossis occipitalis for a crevice in the above-mentioned 
irregularity of the above-mentioned disk substrate with which the 
above-mentioned irregularity was formed possible [ record ] by the 
above-mentioned laser beam. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] Especially this invention is applied to the optical record 
medium which adopted the land groove recording method about an optical 
record medium and its manufacture approach, and is suitable. 
[0002] 

[Description of the Prior Art] Development of the technique of aiming at 
improvement in recording density is furthered by using the area in the recording 
surface of an optical disk effectively in recent years in connection with the 
densification of the recording density in optical record media, such as an optical 
disk. 

[0003] That is, the irregularity called a land and a groove is prepared in the 
recording surface of a disk substrate. And in the conventional optical disk, the 
method which records a record mark only on these lands or grooves was 
adopted. However, the method which records this record mark on the both sides 
of a land and a groove, and the so-called land groove record are beginning to be 
adopted as a format of an optical disk from the request of improvement in the 
recording density in an optical disk in recent years. DVD-RAM (Digital Versatile 
Disc-Random Access Memory) can be mentioned as an optical disk with which 
land groove record is adopted as such a format. 

[0004] However, in the optical disk which adopted this land groove record, when 
the laser beam for record was irradiated at a land and a groove, there was a 



problem that the heat characteristics exerted on a recording layer will differ from 
the difference of a physical configuration with a land and a groove. Moreover, 
these lands and grooves are configurations which have the periodic structure 
near the wavelength of a laser beam. Therefore, when it originated in the vector 
diffraction of light and the intensity distributions of a land, a groove, and the laser 
beam irradiated differed, it was difficult to record / reproduce the record mark in 
the both sides of a land and a groove by the high C/N ratio (carrier-to-noise ratio). 
[0005] Then, in order to double the mutual property of a land and a groove, it 
considers changing each flute width of a land and a groove and changing a duty 
ratio etc. However, there are few degrees of freedom only by changing a duty 
ratio. Then, the optical disl< which made thickness of the recording layer formed 
on a groove larger than the thickness of the recording layer formed on a land by 
spatter condition etc. was proposed (a JP,2000-215511,A official report, 
reference 1). 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the optical disk indicated 
by reference 1 , in order to make thicker than the recording layer formed on a 
land the recording layer formed on a groove, the membrane formation conditions 
at the time of forming this recording layer are changed. Therefore, it separated 
from the optimal membrane formation conditions in membrane formation of a 



recording layer, and there was a problem of causing tfie fall of the signal 
property of a recording layer. 

[0007] Thereby, development of the approach of carrying out 
mutually-independent to each land and groove, and controlling a recording 
characteristic was desired, without sacrificing the optimal membrane formation 
conditions of a recording layer. 

[0008] Therefore, the purpose of this invention can keep good the signal 
property in the recording layer in irregularity, and is in the optical record medium 
with which the cascade screen to which the recording layer and the record 
auxiliary layer adjoined and the laminating was carried out was prepared on the 
field in which the irregularity in a disk substrate was formed to offer the optical 
record medium which can secure high dependability, and its manufacture 
approach while it makes a design degree of freedom increase. 
[0009] 

[Means for Solving the Problem] this invention person inquired wholeheartedly 
that the above-mentioned technical problem which the conventional technique 
has should be solved. The outline is explained below. 

[0010] That is, it is thought that a laser beam is irradiated at a recording layer 
and a recording layer carries out crystal growth by using as seed crystal the 
microcrystal produced in the crystallization auxiliary layer when it became 



temperature higher than the crystallization temperature below the room 
temperature in a recording layer as a record principle of the optical record 
medium which has the cascade screen of the recording layer which records the 
conventional information signal, and the record auxiliary layer which assists this 
recording layer. This principle is recollected from it having been checked that the 
amplitude of a record mark differs in the optical disk with which the record 
auxiliary layer is prepared, and the optical disk which is not prepared. 
[0011] this invention person advanced further examination about the record 
auxiliary layer from such a point. That is, when the 2T pulse was recorded in the 
sample into which this invention person fixed the duty ratio to, and changed 
various thickness of a record auxiliary layer and the record power dependency of 
each carrier in a land and a groove was measured, even if the record power 
dependency of the carrier in a land has the same inclination in every thickness 
and changed the thickness of a record auxiliary layer further, the knowledge of 
the carrier of a land hardly changing carried out. On the other hand, in the record 
power dependency of the carrier in a groove, in the case of every thickness, it 
had the same inclination, but the knowledge of a carrier going up was carried out 
as thickness was made thin, when the thickness of a record auxiliary layer was 
changed. In addition, this inclination was seen in the range to near an optimum 
value. 



[0012] And this invention person recollected using the phenomenon acquired by 
above-mentioned experiment. That is, when a duty ratio and record power are 
fixed, especially in a land and a groove, the thickness dependency of a record 
auxiliary layer arises in the carrier of a groove, and the thickness dependency 
hardly appears in a land. It recollected that it was possible to set the carrier of a 
land and a groove, without this changing a duty ratio by changing the thickness 
of a record auxiliary layer. 

[0013] furthermore, this invention person is related with the carrier change in a 
groove - being the further - it inquired wholeheartedly. That is, this invention 
person calculated the record auxiliary layer membrane thickness dependency of 
amplitude change of the recording layer which consists of a GeTe alloy by the 
effective Fresnel coefficient method. And this invention person did the 
knowledge of the thickness of a record auxiliary layer following on becoming 
small, and the amplitude becoming large from this count result. Moreover, 
according to count by the effective Fresnel coefficient method, reduction of the 
amplitude when making thickness small to 10nm from 20nm on the basis of the 
time of the thickness of a record auxiliary layer being 30nm was about IdB. 
[0014] According to examination of this invention person, it is thought that the 
above phenomenon is because a groove becomes the situation which is easy to 
reflect amplitude change in optical pickup with fluctuation of the reflection factor 



by the difference in thickness as compared with a land since there are little near 
and effect according to a truck slot further. And the carrier fluctuation by the side 
of a groove is considered whether amplitude change of the reflection factor by 
modification of a thickness configuration is dominant. 
[0015] This invention is thought out based on the above examination. 
[0016] In order to attain the above-mentioned purpose, namely, invention of the 
1st of this invention The recording layer constituted possible [ record of an 
information signal ] by irradiating a laser beam on the field in which irregularity 
was prepared in one [ at least ] field of a disk substrate, and the irregularity of a 
disk substrate was prepared, It is the optical record medium with which the 
cascade screen to which the laminating of the record auxiliary layer which 
adjoined the recording layer was carried out at least was prepared, and when 
thickness of a recording layer is set to d and thickness of a record auxiliary layer 
is set to a, it is characterized by materializing d / 4< a<3d. 
[0017] The recording layer constituted possible [ record of an Information signal ] 
when invention of the 2nd of this invention irradiated a laser beam on the field in 
which the irregularity of a disk substrate was prepared, When the record 
auxiliary layer which adjoined the recording layer is the manufacture approach of 
the optical record medium in which the cascade screen by which the laminating 
was carried out at least was formed, sets thickness of a recording layer to d and 



sets thickness of a record auxiliary layer to a It is characterized by forming a 
record auxiliary layer in thickness (d / 4< a<3d). 

[0018] In this invention, when thickness of a recording layer is set to d and 
thickness of a record auxiliary layer is suitably set to a, d / 2<=a<=2d are 
materialized. 

[0019] In this invention, typically, the recording layer is constituted possible 
[ record of an information signal ] by change in at least two conditions of 
changing reversibly, and a recording layer consists of a phase change ingredient 
constituted by the phase change of a crystal phase and an amorphous phase 
possible [ record of an information signal ] suitably. 

[0020] In this invention, typically, to the cascade screen, the laser beam used for 
record and/or playback of an information signal consists of sides in which a disk 
substrate exists so that a recording layer may irradiate. At this time, it is 
constituted so that a recording layer may be suitably prepared in the side by 
which a laser beam is irradiated, and concretely, the laminating of the 1st 
dielectric layer, recording layer, record auxiliary layer, 2nd dielectric layer, and 
1st reflecting layer is carried out one by one, and the cascade screen consists of 
sides near the field in which the irregularity of a disk substrate was prepared. 
And preferably, as the cascade screen on this disk substrate is covered, the 
synthetic-resin layer which consists of resin of an ultraviolet curing mold. 



adhesives of hot melt systems (an urethane system, acrylic, a silicon system, 
polyester system, etc.), etc. for protection of a cascade screen and 
strengthening is prepared in the top face (a disk substrate is the field of the 
opposite side) of the cascade screen on a disk substrate, and the zinc sulfide 
and silicon oxide whose refractive index of the 1st dielectric layer and 2nd 
dielectric layer is about 2.1 typically - although a mixture (ZnS-Si02) or a 
refractive index consists of silicon nitride (SiN, Si3N4) which is about 2.0, it is 
also possible to use other ingredients. Moreover, in this invention, the thickness 
of the 1st dielectric layer is the range which can form a dielectric, without 
becoming Island shape, and is chosen as 200nm or less. Moreover, typically in 
this invention, the thickness of the 2nd dielectric layer is Inm or more 100nm or 
less. Furthermore, typically in this invention, the thickness of the 1st reflecting 
layer is chosen as 20nm or more lOOnm or less, moreover, the thing for which 
the other membrane formation approaches are typically used for the 1st 
dielectric layer, recording layer, record auxiliary layer, 2nd dielectric layer, and 
1st reflecting layer although membranes are formed by the sputtering method - 
possible - concrete - electron beam vacuum deposition, a vacuum deposition 
method, an epitaxial grown method, and chemical vapor deposition (CVD) ~ law 
and physical vapor growth (PVD) - it is possible to use all approaches, such as 
law. 



[0021] In this invention, typically, the laser beam used for record and/or playback 
of an information signal consists of sides in which a cascade screen exists to a 
disk substrate so that a recording layer may irradiate. Moreover, in this invention, 
the laminating of the 2nd reflecting layer, 3rd dielectric layer, record auxiliary 
layer, recording layer, and 4th dielectric layer is carried out one by one, they 
consist of sides with the cascade screen suitably near the field in which the 
irregularity of a disk substrate was prepared, and preferably, as the cascade 
screen on a disk substrate is covered, the light transmission layer which can 
penetrate a laser beam is prepared. And although the 3rd dielectric layer and 4th 
dielectric layer consist of ZnS-Si02 whose refractive index is about 2.1, or SiN 
and Si3N4 whose refractive index is about 2.0 typically, it is also possible to use 
other Ingredients. Moreover, typically in this Invention, the thickness of the 3rd 
dielectric layer Is Inm or more 100nm or less. Moreover, In this invention, the 
thickness of the 4th dielectric layer Is the range which can form a dielectric, 
without becoming island shape, and Is chosen as 200nm or less. Furthermore, 
typically in this invention, the thickness of the 2nd reflecting layer is chosen as 
20nm or more 100nm or less, moreover, the thing for which the other membrane 
formation approaches are used although the 2nd reflecting layer, 3rd dielectric 
layer, record auxiliary layer, recording layer, and 4th dielectric layer are typically 
formed by the sputtering method - possible - concrete - electron beam vacuum 



deposition, a vacuum deposition method, an epitaxial grown method, and 
chemical vapor deposition (CVD) ~ law and physical vapor growth (PVD) ~ it is 
possible to use all approaches, such as law. Moreover, typically, the light 
transmission layer prepared as covers the cascade screen of a disk substrate 
has a glue line for pasting up at least the light transmission nature sheet which 
has light transmission nature, and this light transmission nature sheet on a disk 
substrate, and is constituted, and this glue line consists of ultraviolet-rays 
hardening resin or a pressure-sensitive binder. Moreover, it is also possible as a 
light transmission layer to use ultraviolet-rays hardening resin instead of using a 
light transmission nature sheet. 

[0022] As an optical disk with which a laser beam is irradiated, to such a disk 
substrate from the side in which the cascade screen was prepared The optical 
disk which has thin light transmission layers, such as DVR (Digital Video 
Recording system), can specifically be mentioned. This invention Could apply to 
these optical disks, such as DVR, and were constituted so that record and 
playback of an information signal might be performed using the semiconductor 
laser whose luminescence wavelength is about 650nm. It is possible to apply to 
optical disks constituted so that record and playback of an information signal 
might be performed using the so-called DVR-red and the semiconductor laser 
whose luminescence wavelength is about 400nm, such as the so-called 



DVR-blue. Using the objective lens wfiich raised NA to about 0.85 by combining 
two lenses with a serial preferably, this DVR is constituted possible [ record of an 
information signal ], and, specifically, has the storage capacity of about 22GB on 
one side. Moreover, although these optical disks, such as DVR, are suitably 
dedicated to the cartridge, application of this invention is not necessarily limited 
to what is dedicated to the cartridge. 

[0023] In this invention, the cascade screen prepared on the disk substrate a 
wrap case by the thin light transmission layer typically the GaN system 
semiconductor laser (luminescence wavelength the band of 400nm -) by which 
this light transmission layer is used at least for record/playback of an information 
signal Blue luminescence and ZnSe system semiconductor laser (luminescence 
wavelength the band of 500nm, green), Or it consists of a non-magnetic material 
which can penetrate the laser beam irradiated from AIGalnP system 
semiconductor laser (luminescence wavelength of about 635-680nm, red) etc., 
and, specifically, consists of thermoplastics which has light transmission nature, 
such as a polycarbonate. 

[0024] In this invention, typically, the ratio of the width of face Dg of the concave 
in a near part or a convex and the width of face Dl of the convex in the part of a 
side far from the incidence of a laser beam or concave fills 0.5 <=DI/Dg<=2.0 
from the side in which a laser beam carries out incidence in the part in which the 



irregularity of a disk substrate was formed, and suitably, it is constituted so that 
0.8 <=DI/Dg<=1.2 may be filled. 

[0025] In this invention, typically, the numerical aperture of the objective lens 
used for record and/or playback of an information signal is 0.60 or less [ 0.45 or 
more ], and a laser beam is irradiated in the range of this numerical aperture 
from the side in which the disk substrate in an optical record medium was formed. 
[0026] In this invention, while obtaining a good signal, in order to maintain optical 
contrast in the good condition and to control thermal diffusion, making it a 
recording layer not become island shape, typically, the thickness of a recording 
layer is chosen as 5nm or more 50nm or less, and is suitably chosen as 1 0nm or 
more 40nm or less. 

[0027] In this invention, typically, the thickness of a record auxiliary layer is 3nm 
or more 100nm or less, and is 5nm or more 60nm or less suitably. 
[0028] Typically in this invention, the recording layer is constituted possible 
[ record ] in postscript in the information signal. Although a recording layer 
consists of a GeTe system alloy or a GeSbTe system alloy suitably at this time, 
as an ingredient of a recording layer, germanium-Te, Te-Sb, Te-germanium-Sb, 
Te-germanlum-Sb-Pd, Te-germanium-Sb-Cr, Te-germanium-Sb-Bi, 
Te-germanium-Sn-O, Te-germanium-Sb-Se, Te-germanium-Sn-Au, In-Sb-Te, 
In-Sb-Se, Te-germanium-Sb-Sn, In-Sb-Te-Ag, In-Se, Te-Bi, etc. can be used for 



other ingredients and a concrete target. 

[0029] In tliis invention, typically, the optical record medium is constituted so that 
a record mark may be recorded on the upper part for heights and the pars 
basilaris ossis occipitalis for a crevice in the irregularity of the disk substrate with 
which irregularity was formed by the laser beam. That is, specifically, the optical 
record medium by this invention is an optical record medium which adopted the 
land groove recording method. 

[0030] In order to secure a good Jitter property in this invention when performing 
high density record by mark edge record while raising the stability over the 
playback light of a record mark, typically When it constitutes a recording layer 
from a phase change ingredient, this phase change recording layer It consists of 
a Te-germanium-Sb system alloy (elements other than these may be contained 
in Te, germanium, and Sb). The presentation in the triangular graph which is 
shown in drawing 6 and which shows the presentation of three components of 
Te, and germanium and Sb with a coordinate (Te, germanium, Sb) A (05 0. 
0.475 0.475), B (05 0. 0.665 0.285), It is in the range (for the presentation of 
Te66.5germanium5Sb28.5 and Point C, the presentation of Te60germanium40 
and Point D is [ the presentation Of Point A / the presentation of 
Te47.5germanium5Sb47.5 and Point B ] Te40germanium60) surrounded by four 
points of C (40 0. 60 0. 0) and D (60 0. 40 0. 0). Suitably, the record auxiliary 



layer which contains at least one sort of compounds chosen from the group 
which consists of SiN, SiC, GeN, PbSe, PbTe, SnSe, SnTe, Bi2Te3, and 
Sb2Te3 as a principal component is prepared in right above [ of a phase change 
recording layer ], or directly under, moreover, an outside [ straight line / to which 
the presentation of a phase change recording layer connects Point A and Point 
B with the triangular graph of drawing 6 ] - it is (that is, the content of germanium 
is under pentatomic %) - crystallization temperature becomes low and the part 
(non-recorded part) in which a record mark is not formed becomes that it is easy 
to crystallize with playback light. Consequently, the boundary of a record mark 
and a non-recorded part becomes less clear, and there is a possibility that a 
record mark may deteriorate. Moreover, a jitter property gets worse that the 
presentations of a phase change recording layer are an outside [ straight line / 
which connects Point B and Point C with the triangular graph of drawing 6 ], and 
an outside [ straight line / which connects Point D and Point A ]. Moreover, 
although the presentation of a phase change recording layer is within the limits 
surrounded by Point ABCD in the triangular graph of drawing 6 , the difference of 
the optical constant in an amorphous state and a crystallized state becomes it 
small that it is the presentation (namely, although the content of germanium is 
more than pentatomic % comparatively little presentation) near the straight line 
which connects Point A and Point B. Consequently, in order that the amplitude of 



a regenerative signal nnay decrease, it is not desirable from the point of a signal 
quality. 

[0031] In this invention, the more desirable range of the presentation of a phase 
change recording layer is drawing 7 which is the same triangular graph as 
drawing 6 , and a coordinate (Te, germanium, Sb) is the range of E (30 0. 47 0. 
0.23), F (30 0. 58 0. 0.12), G (44 0. 56 0. 0), and H (56 0. 44 0. 0), respectively. 
The presentation of Point E is Te47gemianium30Sb23, the presentation of Point 
F is Te58germanium30Sb12, the presentation of Point G is Te56germanium44, 
and the presentation of Point H is Te44germanium56. 

[0032] In this invention the more desirable range of the presentation of a phase 
change recording layer It is drawing 8 which is the same triangular graph as 
drawing 6 , and a coordinate (Te, germanium, Sb) is the range surrounded by 
four points, J (40 0. 47 0. 0.13), K (40 0. 55 0. 0.05), L (48 0. 52 0. 0), and M (56 
0. 44 0. 0), respectively. The presentation of Point J is Te47germanium40Sb13, 
the presentation of Point K is Te55germanium40Sb5, the presentation of Point L 
is Te52germanium48, and the presentation of Point M is Te44germanium56. 
[0033] Typically in this invention, the record auxiliary layer which adjoins a 
recording layer and is prepared consists of an ingredient which contains at least 
one kind of compound chosen from the group which consists of SnTe, SiN and 
SiC, SnSe, GeN, PbSe, PbTe, Bi2Te3, and Sb2Te3 as a principal component 



suitably. Moreover, the record auxiliary layer may be in the mixed-crystal 
condition by any one or more mixing of these compounds. If it is from the 
viewpoint of the shelf life of an optical record medium, it is desirable to use SnTe 
as the principal component of a record auxiliary layer among these compounds. 
Moreover, it sets to this invention, and a record auxiliary layer can use an 
above-mentioned specific compound as a principal component, and can also 
contain matter other than these. In this case, content of the specific compound 
mentioned above in the whole matter which constitutes a record auxiliary layer is 
carried out to more than 50 volume %. There is a possibility that the jitter 
property of playback light may get worse without making crystallization of a 
phase change recording layer good as the content of the specific compound 
mentioned above is under 50 volume %. Moreover, as for the content of the 
specific compound mentioned above in the record auxiliary layer, it is desirable 
that it is more than 70 volume %. As an ingredient of a record auxiliary layer, 
specifically The Lynn-ized thorium (ThP), A sulfuration lanthanum (LaS), 
scandium antimony (ScSb), A thorium selenium (ThSe), a calcium selenium 
(CaSe), A plumbous sulfide (PbS), a scandium bismuth (ScBi), Hl-ized thorium 
(ThAs), BiSe, a Hl-ized indium (InAs), an yttrium tellurium (YTe), Gallium 
antimony (GaSb), PbSe, tin antimony (SnSb), Aluminum antimony (AlSb), 
copper iodide (Cul), a strontium selenium (SrSe), Although SnTe, thorium 



antimony (ThSb), CaTe, a barium sulfide (BaS), LaTe, PbTe, BITe, SrTe, a silver 
iodide (Agl), Sb2Te3, Bi2Se3, Bi2Te3, etc. can be used It is also possible to use 
other ingredients if needed. 

[0034] In this invention, it is the structure where the cascade screen on a disk 
substrate does not have a reflecting layer, and when the record auxiliary layer is 
prepared in the opposite side with the disk substrate to the recording layer, as for 
the field where the recording layer of a record auxiliary layer has touched, it is 
desirable to prepare a protective layer on the field of the opposite side. Here, this 
protective layer consists of at least one kind of ingredient chosen from the oxide 
of a metal or semimetal, carbide, the nitride, the fluoride, and the sulfide. As this 
protective layer, specifically Silicon oxide (Si02, SiO), Oxides, such as tantalum 
oxide (Ta 205) or a zirconium dioxide (Zr02), Carbonization silicon (SiC, silicon 
carbide) and titanium carbide (it TiC(s)) Nitrides, such as carbide, such as 
titanium carbide, or a carbon (0) simple substance, silicon nitride (Si3N4), and 
alumimium nitride (AIN), fluorides, such as sulfides, such as zinc sulfide (ZnS), 
sulfuration (SmS), or a strontium sulfide (SrS), and magnesium fluoride (MgF2), 
etc. - since - what becoming can be mentioned. Moreover, it is desirable to use 
as a protective layer ingredient at least one kind chosen from these matter or two 
or more kinds of mixture. 

[0035] In this invention, in order to control the die length of the record mark by 



mark edge record to a precision, as for the 1st reflecting layer or 2nd reflecting 
layer in which the light which penetrated the recording layer is reflected typically, 
it is desirable to constitute from an ingredient whose thermal conductivity is 50 or 
more W/m-K. And thermal conductivity can mention the alloy of aluminum, Cr, 
nickel, Au, a hafnium (Hf), palladium (Pd), a tantalum (Ta), cobalt (Co), the 
metals chosen from the group which consists of Mo, W, Cu, and Ti, or these 
metals as an ingredient which are more than 50W/m and K. Things desirable as 
a reflecting layer ingredient from various viewpoints among these ingredients are 
an aluminum-Ti alloy, an aluminum-Cr alloy, an aluminum-Ta alloy, an 
aluminum-Pd alloy, an aluminum-Cu alloy, a Ti-aluminum alloy, a Ti-V alloy, a 
Ti-Pd-Cu alloy, Ag alloy, etc. The presentation ratio of these alloys is set up 
according to the property demanded. Moreover, it is also possible to use other 
ingredients if needed. 

[0036] Since it not only changes a concavo-convex dimension by being larger 
than one fourth of the thickness d of a recording layer, and making thickness a of 
a record auxiliary layer into less than 3 times of Thickness d, but a signal 
property is changeable by changing the thickness of a record auxiliary layer 
according to this invention constituted as mentioned above, a degree of freedom 
required for improvement in a signal property can be made to increase. 
[0037] 



[Embodiment of the Invention] Hereafter, it explains, referring to a drawing about 
the operation gestalt of this invention. 

[0038] First, the optical disk by the 1st operation gestalt of this invention is 
explained. The optical disk by this 1st operation gestalt Is shown In drawing 1 . In 
addition, the optical disk by this 1st operation gestalt Is a write once optical disk 
on which an Information signal Is recorded in postscript. 
[0039] As shown In drawing 1 , the optical disk 1 by this 1st operation gestalt 
consists of UV-cured resin layers 8 prepared on 1 principal-plane 2a of the disk 
substrate 2 as covered the cascade screen which consists of the 1st dielectric 
layer 3, recording layer 4, record auxiliary layer 5, 2nd dielectric layer 6, and 1st 
reflecting layer 7, and this cascade screen. 

[0040] The disk substrate 2 consists of an Ingredient which can penetrate the 
laser beam used for record/playback of an Information signal at least. As an 
Ingredient which constitutes this disk substrate 2, plastic material, such as 
polycarbonate system resin, polyolefin resin, or acrylic resin, glass, etc. can be 
mentioned. Among these Ingredients, it Is desirable to use plastic material from 
viewpoints, such as cost, and it consists of a polycarbonate (PC) in this 1st 
operation gestalt, for example. Moreover, the diameter of this disk substrate 2 Is 
130mm, and thickness is about 1.2mm. 

[0041] Moreover, Irregularity is formed In one principal plane 2a of this disk 



substrate 2 in the shape of a truck. The heights in the irregularity of the shape of 
this truck serve as a part far from the side in which a laser beam carries out 
incidence, and these heights are called land 2b in this 1st operation gestalt. 
Moreover, the crevice in irregularity serves as a near part from the side in which 
a laser beam carries out incidence, and this crevice is called groove 2c in this 1st 
operation gestalt. Here, the ratio of the width of face Dl of this land 2b and the 
width of face Dg of groove 2c, i.e., a duty ratio, (Dl/Dg) is chosen from within the 
limits of 0.5-2.0. That is, if a duty ratio becomes less than 0.5, the width of face 
Dl of land 2b will become under one half as compared with the width of face Dg 
of groove 2c, and it will become difficult in each land 2b and groove 2c to 
reconcile a signal property. Moreover, if a duty ratio becomes larger than 2.0, 
since the width of face Dg of groove 2c will become narrow similarly under at one 
half as compared with the width of face Dl of land 2b, it will become difficult to 
reconcile a signal property too. Moreover, the range where a duty ratio is 
desirable is 0.8-1.2. Here, in this 1st operation gestalt, if an example of the 
dimension of the disk substrate 2 is given, a duty ratio will be set [ track pitch / 
width of face / Dl / of 70nm and land 2b / width of face / Dg / of micrometers / 
0.82 / and groove 2c ] to 1.14 (0.82/0.72 =) in the depth (depth of a crevice) of 
0.77 micrometers and groove 2c, using the track pitch (Tp) in a concavo-convex 
slot truck as 0.72 micrometers. 



[0042] Moreover, the ingredient of the 1st dielectric layer 3 can mention SiN, for 
example, if it is desirable an ingredient with low absorbing power (absorption 
coefficient) and that an extinction coefficient k consists of 0.3 or less ingredients 
and they also specifically take a heat-resistant viewpoint into consideration to 
the laser beam for record/playback. Moreover, the thickness of the 1st dielectric 
layer 3 is chosen as 200nm or less, and is chosen as lOnm in this 1st operation 
gestalt, for example. 

[0043] Moreover, a recording layer 4 consists for example, of a GeTe alloy. If the 
thickness d is smaller than 5nm, the amplitude will become small optically, and if 
a recording layer 4 has another side and Thickness d larger than 50nm, the 
spreading effect of heat will fall, recording layer 4 the very thing becomes easy to 
be filled with heat, and it will become impossible moreover, to record a record 
mark vividly. Therefore, the thickness d of a recording layer 4 Is chosen from the 
range of 5 nm<=d<=50nm. Moreover, when the range which can obtain a good 
signal is taken Into consideration according to the knowledge acquired from the 
experiment of the signal property in this invention person's recording layer 4, as 
for the thickness d of a recording layer 4, it is desirable to be chosen out of the 
range of 10 nm<=d<=40nm. Here, in this 1st operation gestalt, the thickness of a 
recording layer 4 is about 20nm. 

[0044] Moreover, the Ingredient of the record auxiliary layer 5 is an ingredient 



which contains at least one kind of compound chosen from the group which 
consists of SnTe, SiN, SiC and GeN, PbTe, SnSe, PbSe, Bi2Te3, and Sb2Te3 
as a principal component, and, specifically, carries out content of the specific 
compound mentioned above to more than 70 volume % more suitably more than 
50 volume %. Moreover, as for this record auxiliary layer 5, it is desirable to 
contact homogeneity to a recording layer 4. Here, in this 1st operation gestalt, 
the record auxiliary layer 5 consists of SnTe(s). 

[0045] Moreover, the thickness a of the record auxiliary layer 5 Is larger than one 
fourth of the thickness d of a recording layer 4, and Is chosen from the range 
smaller than 3 times. That is. In the Thickness a and thickness d of a recording 
layer 4, the record auxiliary layer 5 is constituted so that d / 4< a<3d may be 
materialized, and preferably. It Is constituted so that d / 2<=a<=2d may be 
materialized. In addition, the detail about the thickness of this record auxiliary 
layer 5 Is mentioned later. 

[0046] Moreover, the Ingredient of the 2nd dielectric layer 6 can mention 
ZnS-Si02 (the mole fraction is about 4:1 thing especially), for example. If It Is 
desirable an Ingredient with low absorbing power and that an extinction 
coefficient k consists of 0.3 or less Ingredients and they also specifically take a 
heat-resistant viewpoint into consideration to the laser beam for record/playback. 
In addition, In this 1st operation gestalt, although the 1st dielectric layer 3 and 



2nd dielectric layer 6 were constituted from a mutually different ingredient, it is 
also possible to use the same ingredient of each other, respectively. 
[0047] Moreover, the 1st reflecting layer 7 consists for example, of an aluminum 
alloy, and consists of an AITi alloy in this 1st operation gestalt, for example. 
Moreover, in the 1st reflecting layer 7, if the thickness is set to less than 20nm, 
diffusion of the heat produced in a recording layer 4 will not fully be able to be 
performed, but heat cooling will become inadequate. If thickness of the 1st 
reflecting layer 7 is made larger than lOOnm, while effect will arise in a heat 
characteristic or an optical property, mechanical properties, such as a skew, will 
be affected and it will become impossible on the other hand, to acquire a desired 
signal property with the stress produced in the 1st reflecting layer 7. Therefore, 
the thickness of the 1st reflecting layer 7 is chosen from 20-1 OOnm, and is 
specifically chosen as 60nm in this 1st operation gestalt, for example. 
[0048] Moreover, UV-cured resin layer 8 consists of ultraviolet-rays hardening 
resin hardened by UV irradiation. 

[0049] In the optical disk by this 1st operation gestalt constituted as mentioned 
above As opposed to the cascade screen to which the laminating of the 1st 
dielectric layer 3, recording layer 4, record auxiliary layer 5, 2nd dielectric layer 6, 
and 1st reflecting layer 7 was carried out for the laser beam LI one by one as 
shown in drawing 1 Incidence is carried out from the side in which the disk 



substrate 2 exists, and when a recording layer 4 irradiates, record and/or 
playback of an information signal are performed. 

[0050] Next, the manufacture approach of the optical disk 1 by this 1st operation 
gestalt constituted as mentioned above is explained. 

[0051] That is, the pure disk substrate 2 (for example, thickness: 1.2mm, 
track-pitch:0.77micrometer, width-of-face:0.82micrometer [ of a land ], 
width-of-face:0.72micrometer [ of a groove ], the depth of a groove: 70nm) which 
prepared the guide rail (concave convex groove truck) is first manufactured by 
the injection-molding method. 

[0052] Next, this disk substrate 2 is carried in in the 1st sputtering chamber in 
which Si target was installed, and is laid in a predetermined location. Then, SiN 
is formed on 1 principal-plane 2a of the disk substrate 2 by the sputtering 
method using nitrogen (N2) gas as reactant gas. Thereby, the 1st dielectric layer 
3 which consists of SiN is formed on 1 principal-plane 2a of the disk substrate 2. 
Here, if an example of this spatter condition is given, using the reactant gas of 
inert gas, such as argon (Ar) gas, and N2 gas as a controlled atmosphere, the 
pressure of Ar:N 2= 3:1 and a controlled atmosphere will be set to 0.6Pa for 
those flow rate, and sputtering power will be set to 2.5kW. Then, the disk 
substrate 2 with which this 1st dielectric layer 3 was formed is taken out from the 
1st sputtering chamber. 



[0053] Next, the disk substrate 2 is carried in in tlie 2nd sputtering chamber, and 
it lays in a predetermined location. Then, for example, a GeTe alloy is formed on 
the 1st dielectric layer 3 by the sputtering method. Thereby, the recording layer 4 
which consists of a GeTe alloy is formed. Here, if an example of this spatter 
condition is given, the pressure of O.SkW and a controlled atmosphere will be set 
to 0.4Pa (S.OmTon') for sputtering power, using inert gas, such as Ar gas, as a 
controlled atmosphere. At this time, a recording layer 4 is formed using the GeTe 
alloy target with which the presentation was adjusted so that the presentation 
after membrane formation might serve as germaniumSOTeSO. Then, the disk 
substrate 2 formed to this recording layer 4 is taken out from the 2nd sputtering 
chamber. 

[0054] Next, the disk substrate 2 formed to the recording layer 4 is carried in in 
the 3rd sputtering chamber, and is laid in a predetermined location. Then, a 
SnTe alloy is formed on a recording layer 4 by the sputtering method using a 
SnTe alloy target. Thereby, the record auxiliary layer 5 which consists of a SnTe 
alloy is formed on a recording layer 4 at homogeneity. Here, if an example of this 
spatter condition is given, the pressure of 0.3kW and a controlled atmosphere 
will be set to 1.3x10 to 1 Pa (LOmTorr) for sputtering power, using inert gas, 
such as Ar gas, as a controlled atmosphere. Then, the disk substrate 2 formed to 
this record auxiliary layer 5 is taken out from the 3rd sputtering chamber. 



[0055] Next, the disk substrate 2 formed to the record auxiliary layer 5 is carried 
in in the 4th sputtering chamber, and is laid in the predetermined location. Then, 
ZnS-Si02 is formed on the record auxiliary layer 5 by the sputtering method 
using ZnS-SI02 target. Thereby, the 2nd dielectric layer 6 which consists of 
ZnS-Si02 is formed on the record auxiliary layer 5. Here, if an example of this 
spatter condition is given, the pressure of 0.6kW and a controlled atmosphere 
will be set to 1.3x10 to 1 Pa (I.OmTorr) for sputtering power, using inert gas, 
such as Ar gas, as a controlled atmosphere. Then, the disk substrate 2 formed to 
this 2nd dielectric layer 6 is taken out from the 4th sputtering chamber. 
[0056] Next, the disk substrate 2 formed to the 2nd dielectric layer 6 is carried in 
In the 5th sputtering chamber, and is laid in the predetermined location. Then, an 
AITi alloy Is formed on the 2nd dielectric layer 6 by the sputtering method using 
the target which consists of an AITI alloy. Thereby, the 1st reflecting layer 7 
which consists of an AITI alloy is formed on the 2nd dielectric layer 6. Here, If an 
example of this spatter condition Is given, the pressure of 2.5kW and a controlled 
atmosphere will be set to 1.3x10 to 1 Pa (I.OmTorr) for sputtering power, using 
inert gas, such as Ar gas, as a controlled atmosphere. Then, the disk substrate 2 
formed to this 1st reflecting layer 7 is taken out from the 5th sputtering chamber. 
[0057] Then, UV-cured resin layer 8 is formed in the front face of the 1st 
reflecting layer 7 by the spin coat method, the roll coat method, etc. 



[0058] The optical disk 1 of tlie postscript mold by this 1st operation gestalt using 
GeTe of a phase change ingredient as a recording layer 4 is manufactured by 
the above. 

[0059] In the optical disk 1 by this 1st operation gestalt with which this invention 
person was manufactured as mentioned above the thickness a of the record 
auxiliary layer 5 within the limits of d / 4<=a<=3d specifically The optical disk 1 
set to a=d/4, a=d/2, a=d, a= 2d, and a= 3d was manufactured, respectively, and 
the record reproducing characteristics in those optical disks 1 were measured 
using the evaluation machine. That is, the thickness dependency of the record 
auxiliary layer 5 of a carrier was evaluated by evaluating the record reproducing 
characteristics of five kinds of optical disks 1. In addition, in the evaluation 
machine used when this optical disk was evaluated, wavelength of a laser beam 
is set to 660nm, and numerical aperture NA of an objective lens is set to 0.575. 
[0060] The result in this evaluation is shown in drawing 2 . In addition, in the 
graph of drawing 2 , an axis of abscissa is used into the thickness of the record 
auxiliary layer 5, an axis of ordinate is used as a carrier, "<>" shows the 
evaluation value of a land, and shows the evaluation value of a groove. 
Furthermore, this invention person performed optical count about the thickness 
dependency of the record auxiliary layer 5 of the amplitude of a laser beam. The 
count result is shown in drawing 3 . 



[0061] Drawing 2 shows that a carrier goes up in a groove with decreasing the 
thickness a of the record auxiliary layer 5 within the limits of d / 4-3d. On the 
other hand, In a land, even when decreasing the thickness a of the record 
auxiliary layer 5 within the limits of d / 4-3d, it turns out that change of a carrier 
becomes small. 

[0062] Namely, as for the thickness dependency of the record auxiliary layer 5 in 
carrier change, it turns out that the direction of a groove appears notably. It turns 
out that change becomes possible about the signal property in a groove, fixing 
the signal property in a land mostly by changing the thickness of the record 
auxiliary layer 5 intentionally by this. 

[0063] Moreover, drawing 3 shows that the amplitude decreases the thickness a 
of the record auxiliary layer 5 rapidly in connection with making [ of the thickness 
d of a recording layer 4 ] it small at 1/4 or less time. It turns out that the control of 
the thickness of the record auxiliary layer 5 performed for the purpose of 
securing the desired amplitude by this becomes very difficult. On the other hand, 
when the thickness d of a recording layer 4 is larger than 1/4 time and thickness 
a of the record auxiliary layer 5 is carried out, it turns out that change of the 
amplitude becomes very loose and thickness of the record auxiliary layer 5 can 
be controlled easily. The thickness a of such a viewpoint to the record auxiliary 
layer 5 has the desirable thing of the thickness d of a recording layer 4 made 



larger than 1/4 time. 

[0064] Furthermore, in the phase which will become d/4 from drawing 2 if 
thicl<ness a of the record auxiliary layer 5 is made smaller, it turns out that the 
value of a carrier in a land and the value of the carrier in a groove both decrease. 
That is, when thickness a of the record auxiliary layer 5 is made or less [ of the 
thickness d of a recording layer 4 ] into 1/4 (a<=d/4), it turns out that both the 
signal property of a land and the signal property of a groove deteriorate. That is, 
it is necessary to make thickness a of the record auxiliary layer 5 at least larger 
(d/4<a) than one fourth of the thickness d of a recording layer 4, and it is still 
more desirable to carry out to 1/2 (d/2<=a) or more [ of the thickness d of a 
recording layer 4 ]. Moreover, according to the knowledge acquired from the 
membrane formation experiment of this invention person, by making thickness a 
of the record auxiliary layer 5 larger (d/4<a) than one fourth of the thickness d of 
a recording layer 4, on a recording layer 4, the ingredient which constitutes the 
record auxiliary layer 5 can be formed so that it may not become island-shape 
structure. This enables it to form the record auxiliary layer 5 in homogeneity. 
[0065] Moreover, when thickness a of the record auxiliary layer 5 is enlarged, 
drawing 3 shows that the amplitude decreases, although it is loose. Therefore, 
as for the thickness a of the record auxiliary layer 5, it is desirable for it to be 
[ direction ] good, not to be too large so, and to make it 3 or less times of the 



thickness d of a recording layer 4. 

[0066] Furtliermore, it turns out tliat botli the value of the carrier of a land and 
the value of the carrier of a groove decrease sharply in the phase in which the 
thickness a of the record auxiliary layer 5 was made to increase, and the 
thickness a became 3 or more (3 d<=a) times of the thickness d of a recording 
layer 4 from drawing 2 . Therefore, when thickness a of the record auxiliary layer 
5 is made into 3 or more (3d<=a) times of the thickness d of a recording layer 4, 
it tums out that both the signal property of a land and the signal property of a 
groove deteriorate, and the result of having applied to the count result shown in 
drawing 3 correspondingly is brought. That is, it is necessary to make thickness 
a of the record auxiliary layer 5 into less than (a< 3d) 3 times of the thickness d 
of a recording layer 4 at least, and it is still more desirable to make it 2 double 
less or equal (a<=2d) of the thickness d of a recording layer 4. 
[0067] Furthermore, in order to investigate the record auxiliary layer membrane 
thickness dependency of an optical cross talk, this invention person measured 
the amount of signals of the cross talk from a land to the groove at the time of 
recording 2T mark, and the amount of signals of the cross talk from a groove to a 
land, when changing the thickness of the record auxiliary layer 5 variously. The 
thickness dependency of the record auxiliary layer 5 in the amount of signals of 
these cross talks is shown in drawing 4 . In addition, in order to enable the value 



of a carrier, and the comparison of an axis of ordinate in drawing 4 , it considered 
as the relative decibel (dB) display, and "<>" showed the cross talk from a 
groove to a land, and "**" showed the cross talk from a land to a groove. 
[0068] Drawing 4 shows that the cross talk which leaks from a groove to a land 
decreases with decreasing the thickness a of the record auxiliary layer 5 from 3d 
to d/2 in spite of the amount of signals in a groove (carrier) becoming large 
(referring to drawing 2 ). On the other hand, the cross talk which leaks from a 
land to a groove is extent which increases a little with decreasing the thickness a 
of the record auxiliary layer 5 from 3d to d/2, and a remarkable increment is not 
checked. That is, it turns out that it becomes controllable about the carrier in a 
land and a groove, controlling the increment in a cross talk, even when changing 
the thickness of the record auxiliary layer 5 intentionally. 
[0069] As explained above, according to the optical disk by this 1st operation 
gestalt In the optical disk which the cascade screen which consists of the 1st 
dielectric layer 3, recording layer 4, record auxiliary layer 5, 2nd dielectric layer 6, 
and 1st reflecting layer 7 was prepared on the 1 principal plane of the disk 
substrate 2, and adopted the land groove recording method While being able to 
enlarge signal amplitude of groove 2c especially by making thickness a of the 
record auxiliary layer 5 into less than 3 times more greatly than 1/4 time of the 
thickness d of a recording layer 4 The signal property in land 2b and the signal 



property in groove 2c are [ both ] securable in tlie good condition controlling the 
thickness of the record auxiliary layer 5, after optimizing the signal property in 
land 2b. Moreover, since the signal amplitude in groove 2c can be changed 
keeping the signal amplitude in land 2b constant by controlling the thickness of 
the record auxiliary layer 5 intentionally Optimization of land 2b and groove 2c 
can be performed being able to make a design degree of freedom increase and 
maintaining the optimal membrane formation conditions in a recording layer 4, 
since mutually-independent [ of the signal amplitude in land 2b and the signal 
amplitude in groove 2c ] can be carried out and they can be changed. Therefore, 
in an optical disk, since an information signal is reproducible by making a signal 
property into a good condition, the optical disk which has high dependability can 
be obtained. 

[0070] Next, the optical disk by the 2nd operation gestalt of this invention is 
explained. The optical disk by this 2nd operation gestalt is shown in drawing 5 . 
In addition, the optical disk by this 2nd operation gestalt is a rewriting mold 
optical disk which can rewrite an information signal. 

[0071] As shown in drawing 5 , the optical disk 11 by this 2nd operation gestalt 
consists of light transmission layers 18 in which they were prepared on 1 
principal-plane 12a of the disk substrate 12 as the 2nd reflecting layer 13, 3rd 
dielectric layer 14, record auxiliary layer 15, recording layer 16, and 4th dielectric 



layer 17 covered the cascade screen by which the laminating was carried out 
one by one, and this cascade screen. 

[0072] The disk substrate 12 consists of ingredients of low absorptivity, such as 
a polycarbonate (PC) and a cycloolefin polymer (for example, ZEONEX 
(trademark)). IVIoreover, the thickness of this disk substrate 12 Is 0.6-1 .2mm, and 
is about 1.1mm in this 2nd operation gestalt, for example. IVIoreover, the 
diameter of this disk substrate 12 is 120mm. Here, the optical disk by this 2nd 
operation gestalt is constituted so that record/playback of an Information signal 
may be performed by irradiating the side in which the thin light transmission layer 
1 8 was formed to the disk substrate 12 to a laser beam. Therefore, since it is not 
necessary to take into consideration whether it has permeability as a disk 
substrate 12, it is also possible to use the substrate which consists of metals, 
such as aluminum, for example. Moreover, it is also possible to use the substrate 
which consists of resin, such as a glass substrate or polyolefine, polyimide, a 
polyamide, polyphenylene sulfide, and polyethylene terephthalate, as a disk 
substrate 12. 

[0073] Moreover, irregularity is formed in one principal plane 12a of this disk 
substrate 12 in the shape of a truck. The crevice In the irregularity of the shape 
of this truck serves as a part far from the side in which a laser beam carries out 
incidence, and this crevice is called land 12b in this 2nd operation gestalt. 



Moreover, the heights in irregularity serve as a near part from the side in which a 
laser beam carries out incidence, and these heights are called groove 12c in this 
2nd operation gestalt. Here, also in the 1st operation gestalt, for the same 
reason, the ratio of the width of face Dl of this land 12b and the width of face Dg 
of groove 12c, i.e., a duty ratio, (Dl/Dg) is typically chosen from within the limits 
of 0.5-2.0, and it is suitably chosen from within the limits of 0.8-1 .2. Here, if an 
example of the dimension in the irregularity of the disk substrate 12 is given in 
this 2nd operation gestalt, the depth (depth of a crevice) of 0.77 micrometers 
and a groove is set to 70nm for the track pitch (Tp) in a concavo-convex slot 
truck, and a duty ratio will be set [ width efface ] to 1 .14 (0.82/0.72 =) in the width 
of face Dg of 0.82 micrometers and a groove, using width of face Dl of a land as 
0.72 micrometers. 

[0074] Moreover, the 2nd reflecting layer 13 consists for example, of an 
aluminum alloy, and consists of an AITi alloy in this 2nd operation gestalt, for 
example. Moreover, also in the 1st operation gestalt, for the same reason, the 
thickness of this 2nd reflecting layer 13 is chosen from 20-1 OOnm, for example, 
specifically, is chosen as 60nm. 

[0075] Moreover, the ingredient of the 3rd dielectric layer 14 can mention 
ZnS-Si02 (the mole fraction is about 4:1 thing especially), for example, if it is 
desirable an ingredient with low absorbing power and that an extinction 



coefficient k consists of 0.3 or less ingredients and they also specifically take a 
heat-resistant viewpoint into consideration to the laser beam for record/playback. 
[0076] Moreover, the ingredient of the record auxiliary layer 1 5 is an ingredient 
which contains at least one kind of compound chosen from the group which 
consists of SnTe, SiN, SiC and GeN, PbTe, SnSe, PbSe, Bi2Te3, and Sb2Te3 
as a principal component, and, specifically, carries out content of the specific 
compound mentioned above to more than 70 volume % more suitably more than 
50 volume %. Moreover, as for this record auxiliary layer 15, it is desirable to 
contact homogeneity to a recording layer 16. Here, in this 2nd operation gestalt, 
the record auxiliary layer 1 5 consists of SnTe(s). 

[0077] Moreover, also in the 1st operation gestalt, the thickness a of the record 
auxiliary layer 15 is larger than one fourth of the thickness d of the recording 
layer 16 mentioned later, and is chosen from the range smaller than 3 times by 
the same reason. That is, in the Thickness a and thickness d of a recording layer 
16, the record auxiliary layer 15 is constituted so that d / 4< a<3d may be 
materialized, and it is constituted from a viewpoint of improvement in a signal 
property so that d / 2<=a<=2d may be materialized. 

[0078] Moreover, a recording layer 16 consists for example, of a GeSbTe alloy. 
Moreover, also in the 1st operation gestalt, since it is the same, the thickness d 
of this recording layer 16 is chosen from the range of 5 nm<=d<=50nm. 



Moreover, when the range of the thickness d which can obtain a good signal is 
taken into consideration according to the knowledge acquired from the 
experiment of the signal property in this invention person's recording layer 1 6, as 
for the thickness d of a recording layer 16, it is desirable to be chosen out of the 
range of 10 nm<=d<=40nm. Here, in this 2nd operation gestalt, the thickness of 
a recording layer 16 is about 20nm. 

[0079] Moreover, the ingredient of the 4th dielectric layer 17 can mention SIN, for 
example, if it is desirable an ingredient with low absorbing power (absorption 
coefficient) and that an extinction coefficient k consists of 0.3 or less ingredients 
and they also specifically take a heat-resistant viewpoint into consideration to 
the laser beam for record/playback. Moreover, the thickness of the 4th dielectric 
layer 17 is chosen as 200nm or less, and is chosen as lOnm in this 2nd 
operation gestalt, for example. In addition, in this 2nd operation gestalt, although 
the 3rd dielectric layer 14 and 4th dielectric layer 17 were constituted from a 
mutually different ingredient. It Is also possible to use the same ingredient of 
each other, respectively. 

[0080] In the optical disk by this 2nd operation gestalt constituted as mentioned 
above, as shown in drawing 5 , from the side in which a cascade screen exists to 
the disk substrate 12, incidence of the laser beam L2 is carried out, and when 
the upper part of land 12b and each upper recording layer 16 of groove 12c 



irradiate, record and/or playback of an information signal are performed. 
[0081] Next, the manufacture approach of the optical disk 11 by this 2nd 
operation gestalt constituted as mentioned above is explained. 
[0082] That is, the pure disk substrate 12 (for example, thickness: 1.1 mm, 
track-pitch:0.77micrometer, width-of-face:0.82micrometer [ of a land ], 
width-of-face:0.72micrometer [ of a groove ], the depth of a groove: 70nm) which 
prepared the guide rail (concave convex groove truck) is first manufactured by 
the injection-molding method. 

[0083] Next, the disk substrate 12 with which the concave convex groove truck 
was formed is carried in in the 1st sputtering chamber, and is laid in the 
predetermined location. Then, an AITi alloy is formed on the slot truck in which 
irregularity was formed at least by the sputtering method using the target which 
consists of an AITi alloy. Thereby, the 2nd reflecting layer 13 which consists of 
an AITi alloy is formed on the disk substrate 12. Here, if an example of this 
spatter condition is given, the pressure of 2.5kW and a controlled atmosphere 
will be set to 1.3x10 to 1 Pa (I.OmTorr) for sputtering power, using inert gas, 
such as Ar gas, as a controlled atmosphere. Then, the disk substrate 12 with 
which this 2nd reflecting layer 13 was formed is taken out from the 1st sputtering 
chamber. 

[0084] Next, the disk substrate 12 formed to the 2nd reflecting layer 13 is carried 



in in tiie 2nd sputtering chamber, and is laid in the predetemiined location. Then, 
ZnS-Si02 is formed on the 2nd reflecting layer 13 by the sputtering method 
using ZnS-Si02 target. Thereby, the 3rd dielectric layer 14 which consists of 
ZnS-Si02 is formed on the 2nd reflecting layer 13. Here, if an example of this 
spatter condition is given, the pressure of 0.6kW and a controlled atmosphere 
will be set to 1.3x10 to 1 Pa (I.OmTorr) for sputtering power, using inert gas, 
such as Ar gas, as a controlled atmosphere. Then, the disk substrate 12 formed 
to this 3rd dielectric layer 14 is taken out from the 2nd sputtering chamber. 
[0085] Next, the disk substrate 12 formed to the 3rd dielectric layer 14 is carried 
in in the 3rd sputtering chamber, and is laid in the predetermined location. Then, 
a SnTe alloy is formed on the 3rd dielectric layer 14 by the sputtering method 
using a SnTe alloy target. Thereby, the record auxiliary layer 15 which consists 
of a SnTe alloy is formed on the 3rd dielectric layer 14 at homogeneity. Here, if 
an example of this spatter condition is given, the pressure of 0.3kW and a 
controlled atmosphere will be set to 1.3x10 to 1 Pa (I.OmTorr) for sputtering 
power, using inert gas, such as Ar gas, as a controlled atmosphere. Then, the 
disk substrate 12 fomried to this record auxiliary layer 15 is taken out from the 3rd 
sputtering chamber. 

[0086] Next, the disk substrate 12 formed to this record auxiliary layer 15 is 
carried in in the 4th sputtering chamber, and it lays in a predetermined location. 



Then, for example, a GeSbTe alloy Is formed on the record auxiliary layer 15 by 
the sputtering method. Thereby, the recording layer 16 which consists of a 
GeSbTe alloy is formed. Here, if an example of this spatter condition is given, 
the pressure of 0.3kW and a controlled atmosphere will be set to 0.4Pa 
(S.OmTorr) for sputtering power, using inert gas, such as Ar gas, as a controlled 
atmosphere. Then, the disk substrate 12 formed to this recording layer 16 is 
taken out from the 4th sputtering chamber. 

[0087] Next, the disk substrate 12 formed to this recording layer 16 is carried in 
in the 5th sputtering chamber in which Si target was installed, and is laid in a 
predetermined location. Then, SiN is formed on the 2nd reflecting layer 13 by the 
sputtering method using N2 gas as reactant gas. Thereby, the 3rd dielectric 
layer 14 which consists of SiN is formed on the 2nd reflecting layer 13. Here, if 
an example of this spatter condition is given, using the reactant gas of inert gas, 
such as Ar gas, and N2 gas as a controlled atmosphere, those flow rate will be 
set into Ar:N 2= 3:1 , a pressure will be set to 0.6Pa, and sputtering power will be 
set to 2.5kW. Then, the disk substrate 12 with which this 4th dielectric layer 17 
was formed is taken out from the 5th sputtering chamber. 
[0088] Then, as the cascade screen which consists of the 2nd reflecting layer 13, 
3rd dielectric layer 14, record auxiliary layer 15, recording layer 16, and 4th 
dielectric layer 17 is covered, light transmission nature sheet 18b is stuck 



through glue line 18a using predetermined lamination equipment (not shown). 
Thereby, the light transmission layer 18 is formed. 

[0089] The optical disk 1 1 by this 2nd operation gestalt is manufactured by the 
above. 

[0090] According to the optical disk 1 1 by this 2nd operation gestalt, by carrying 
out thickness a of the record auxiliary layer 15 within the limits of d / 4< a<3d to 
the thickness d of a recording layer 16 It was checked that the same 
effectiveness can be acquired also in the 1st operation gestalt, and the same 
effectiveness as the optical disk 1 by the 1st operation gestalt can be acquired 
also in the optical disk 1 1 constituted in this way. 

[0091] As mentioned above, although the operation gestalt of this invention was 
explained concretely, this invention is not limited to an above-mentioned 
operation gestalt, and various kinds of deformation based on the technical 
thought of this invention is possible for it. 

[0092] For example, it may not pass over the numeric value and ingredient which 
were mentioned in the above-mentioned operation gestalt for an example to the 
last, but the numeric value different if needed and ingredient different if needed 
from this may be used. 

[0093] For example, in the 1st above-mentioned operation gestalt, although the 
case where it applied to the write once optical disk to which it has the recording 



layer 4 which consists this Invention of a phase change Ingredient, and record is 
performed in postscript was explained, It does not necessarily restrict to a write 
once optical disk, and, specifically. It Is also possible other optical disks and to 
apply to a rewritable mold optical disk etc. 

[0094] Moreover, it is also possible to use Ag alloys, such as other aluminum 
alloys, such as an AlCu alloy, aluminum, silver (Ag), and an AgPdCu alloy, 
copper (Cu), Cu alloy, etc. as an ingredient of the 2nd reflecting layer 13 besides 
an AITi alloy, for example, although the AITI alloy was used as an Ingredient of 
the 2nd reflecting layer 13 in the 2nd above-mentioned operation gestalt. 
Moreover, in the 2nd above-mentioned operation gestalt, although what consists 
of a GeSbTe alloy was used as a recording layer 16, it is also possible to use the 
Ingredient of others, such as a GeTe alloy, a GelnSbTe alloy, and an AglnSbTe 
alloy, as a recording layer 16 according to the property considered as a request. 
[0095] Moreover, for example in the 2nd above-mentioned operation gestalt, 
although the track pitch Tp In the concave convex groove truck formed in 1 
principal-plane 12a of the disk substrate 12 was set to 0.77 micrometers Values 
other than this value are sufficient if needed, and when NA is raised using 2 
group lens using the blue laser whose wavelength is about 405nm and It carries 
out to about 0.85 as a laser beam, 0.74 micrometers or less are specifically 
concretely good In a track pitch Tp as for about 0.3 micrometers. 



[0096] 

[Effect of the Invention] The recording layer constituted possible [ record of an 
information signal ] by irradiating a laser beam on the field in which irregularity 
was prepared in one [ at least ] field of a disk substrate, and the irregularity of a 
disk substrate was prepared according to this Invention as explained above, The 
optical record medium with which the cascade screen to which the laminating of 
the record auxiliary layer which adjoined the recording layer was carried out at 
least was prepared is set between the thickness d of a recording layer, and the 
thickness a of a record auxiliary layer. By constituting so that d / 4< a<3d may be 
materialized, the degree of freedom for acquiring a good signal property can be 
raised, it excels in a signal property in record, playback, etc., and the optical 
record medium which has high dependability can be obtained. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the optical disk by the 1st operation 
gestalt of this invention. 

[Drawing 2] It is the graph which shows the thickness dependency of the record 



auxiliary layer of the carrier In the optical disk by the 1st operation gestalt of this 
invention. 

[Drawing 3] It is the graph which shows the thickness dependency of the record 
auxiliary layer in the signal amplitude in the optical disk by the 1st operation 
gestalt of this invention. 

[Drawing 4] It is the graph which shows the thickness dependency of the record 
auxiliary layer of the cross talk signal in the optical disk by the 1st operation 
gestalt of this invention. 

[Drawing 5] It is the sectional view showing the optical disk by the 2nd operation 
gestalt of this invention. 

[Drawing 6] It is the triangular graph which shows the suitable presentation of the 
phase change recording layer in the optical record medium by this invention. 
[Drawing 7] It is the triangular graph which shows the suitable presentation of the 
phase change recording layer In the optical record medium by this invention. 
[Drawing 8] It is the triangular graph which shows the suitable presentation of the 
phase change recording layer In the optical record medium by this invention. 
[Description of Notations] 

1 11 ... 2 An optical disk, 12 ... A disk substrate, 2a, 12a ... One principal plane, 
2b, 12b ... A land, 2c, 12c ... A groove, 3 ... The 1st dielectric layer, 4 16 ... 5 A 
recording layer, 15 ... A record auxiliary layer, 6 ... The 2nd dielectric layer, 7 [ ... 



The 3rcl dielectric layer, 17 / ... The 4th dielectric layer, 18 / ... A light 
transmission layer, 18a / ... A glue line, 18b / ... Light transmission nature 
sheet ] ... The 1st reflecting layer, 8 ... A UV-cured resin layer, 13 ... The 2nd 
reflecting layer, 14 



